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PREFACE. 


In  the  Preface  to  the  first  vohime  of  this  memoir  on  the 
Cretaceous  Rocks  it  was  stated  that  the  description  of  the  Upper 
Cretaceous  strata  would  be  pubUshed  in  two  volumes,  but  it  has 
since  been  found  more  convenient  to  divide  the  work  into  three 
volumes.  That  now  issued  is  the  second  of  this  series,  and  deals 
with  the  Lower  and  Middle  Chalk ;  the  third  will  include  the 
description  of  the  Upper  Chalk,  with  chapters  on  Economics,  the 
Water-supply,  and  the  Physical  Features  of  Chalk  areiis,  together 
with  a  complete  catalogue  of  the  fossils  found  in  all  three 
divisions  of  the  Chalk. 

The  delay  in  the  publication  of  this  volume  is  due  partly  to 
circumstances  connected  with  the  author's  retirement  rrom  the 
Service,  and  partly  to  other  causes,  but  the  third  volume  is 
already  in  type,  and  will,  it  is  hoped,  be  also  published  within 
the  current  year. 

In  the  present  volume  the  Lower  and  Middle  Chalk  are 
described  as  separate  stages  in  the  Upper  Cretaceous  Series ; 
and  the  account  of  each  includes  not  only  the  stratigraphical 
details  of  the  beds,  but  also  chapters  on  their  microscopic 
structure  and  mineral  contents,  their  chemical  composition,  and 
on  the  physical  conditions  under  which  they  were  respectively 
accumulated.  In  arranging  the  stratigraphical  particulars  the 
chapters  have  been  made  to  coincide  as  far  as  possible  with 
county-divisions,  each  chapter  dealing  either  with  one  county  or 
with  parts  of  two  or  three  counties. 

The  first  chapter  contains  a  brief  history  of  the  subdivision  of 
the  English  Chalk  into  sUiges  and  zones,  and  for  remarks  on  the 
nature  and  value  of  zones  the  reader  is  referred  to  Chapter  III. 
of  the  first  volume.  Among  the  earlier  geologists  who  contributed 
to  our  knowledge  of  the  formation,  the  most  notable  are  Mantell, 
W.  Phillips,  S.  Woodward,  and  C.  B.  Rose ;  among  the  tatcr  are 
W.  Whitaker,  Caleb  Evans,  F.  G.  H.  Price,  and  more  especially. 
Dr.  Charles  Barrels,  whose  "  Recherches  sur  le  Terrain  Cretace 
Superieur  de  TAiigleterre  et  de  Tlrlande  "  has  long  been  a  mine 
of  mformation  on  the  subject. 

In  the  preparation  of  this  volume  the  author  has  had  the 
valuable  co-operation  of  Mr.  W.  Hill,  who  has  not  only  contributed 
largely  to  the  chapters  on  both  the  Lower  and  Middle  Chalk  of 
Kent,  Surrey,  Hampshire,  Sussex,  Dorset,  Norfolk  and  Yorkshire, 
but  has  carried  on  elaborate  investigations  into  the  mineralogical 
and  microscopic  stnicture  of  the  beds  which  compose  this  portion 
of  the  Chalk  formation,  the  residts  of  his  researches  being  em- 
bodied in  Chapters  XXII,  XXIII  and  XLIII. 
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IV  PREFACE. 

The  fossils  collected  by  the  Geological  Survw  have  been  named 
in  the  Palseontological  department  by  Mr.  E.  T.  Newton,  with  the 
assistance  of  Mr.  H.  A.  Allen  and  Dr.  F.  L.  Kitchin.  Mr.  Newton 
has  further  devoted  much  time  to  the  troublesome  matter  of 
synonymy,  and  the  lists  of  fossils  throughout  the  volume  have 
l>Ben  revised  by  liira. 

We  are  indebted  to  Prot.  F.  Chapman  (now  of  Melbourne)  for 
examining  and  naming  the  Foraminifera  and  Ostracoda  which 
were  isolated  by  Mr.  Hill  in  the  course  of  his  work,  and  Mr.  Jukes- 
Browne  desires  to  acknowledge  the  assistance  he  has  received 
from  Mr.  R.  M.  Brydone,  Mr.  Ch.  Griffith  (of  Winchester),  Dr.  G. 
J.  Hinde,  Mr.  J.  B.  Hue  (of  Ventnor),  Mr.  E.  Meyrick  (of  Marl- 
borough College),  and  Dr.  A.  W.  Rowe,  who  have  all  imparted 
valuable  information  respecting  exposed  sections  and  fossils 
obtained  therefrom. 

J.  J.  H.  TEALL, 
Director. 

Oedogical  Survey  Ujfficey 
28,  Jermyn  Street^  London, 
16th  January,  1903. 
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THE    CHALK    OP    ENGLAND. 


CHAPTER   I. 

A  GENERAL  ACCOUNT  OF  THE  CHALK  AS  A  WHOLE 
AND  A  HISTORY  OF  ITS  SUBDIVISION  INTO  PARTS. 

The  formation  which  geologists  know  as  The  Chalk  consists  for  the 
most  part  of  material  which  even  those  who  are  ignorant  of  Geology 
would  call  chalk,  since  this  name  (the  softened  form  of  the  German 
kcUk)  has  always  been  applied  in  England  to  the  soft  white  or  whitish 
limestone  that  is  found  over  such  large  areas  in  the  southern  and 
eastern  parts  of  the  coimtry.  There  are,  however,  within  this  great 
Chalk  formation  many  varieties  of  chalk,  some  soft  and  some  very 
hard  ;  thus  there^re  beds  which  are  locally  chilled  marl,  malvi,  and 
dunck  (all  argillaceous  varieties),  and  othei-s  known  as  rag,  free- 
stone, and  **  hurlock'*  or  "  harrock  "  (all  hard  varieties).  In  Lincoln- 
shire and  Yorkshire,  moreover,  nearly  all  the  chalk  is  hard,  or  rather 
hard,  and  in  these  counties  it  is  still  provincially  called  kalk. 

The  formation,  considered  as  a  whole,  not  only  occupies  a  large 
surface  area  (see  Plate  1),  but  underlies  the  whole  of  the  Ijondon  Risin 
and  the  whole  area  of  Tertiary  strata  in  Hampshire  and  Dorset.  It 
must  also  extend  eastward  beneath  the  whole  of  the  southern  part 
of  the  North  Sea,  since  it  is  known  to  underlie  the  Tertiary  strata 
of  south-eastern  Belgium,  and  was  traversed  (with  a  thickness  of 
304  feet)  in  a  deep  boring  at  Ostende.  Southward  from  Sussex 
and  Hampshire  it  extends  beneath  the  eastern  part  of  the  English 
Channel  into  France,  where  it  occupies  the  shore-line  from  near 
Staples  to  Cap  la  Heve,  near  Havre. 

How  far  Chalk  underlies  the  bed  of  the  North  Sea  east  of  the  coast 
of  Yorkshire  we  have  at  present  no  means  of  knowing,  but  as  tlie 
Chalk  of  that  county  is  clearl}-  part  of  a  deep  basin,  it  is  quite  possible 
that  the  eastern  lip  of  this  basin  may  rise  into  an  anticline  from  the 
ridge  of  which  the  Chalk  has  been,  for  a  certain  distance,  completely 
removed.*  But  even  if  this  is  the  case  the  Chalk  doubtless  comes  in 
again  on  the  eastern  side  of  this  anticline,  and  plunges  below  the 
deep  Tertiary  basin  of  Holland ;  its  firat  appearance  on  the  conti- 
nental shore  being  on  the  island  of  Heligoland. 

*  If  a  submarine  boring  could  be  made  at  the  southern  end  of  the  Dogger 
Bank  some  very  interesting  geological  information  might  thereby  be  attained, 
and  such  an  undertaking  does  not  seem  beyond  the  capacity  of  modern 
engineering. 
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2  THK   OIIETACEOUS   KOCKS   OF   BlUTAlN*. 

A  few  words  may  also  be  said  respecting  the  original  extension  of 
the  Chalk  over  arcaa  from  which  it  has  since  been  removed  by  detri- 
tive  agencies.  That  it  was  originally  continuous  over  the  elongate 
dome  of  the  Wealden-Boulonnais  area  is  a  generally  accepted  fact, 
and  that  the  formation  also  extended  very  far  westward  beyond  its 
present  boundary  line  Avill  likewise  be  admitted  by  everyone,  but  we 
have  no  means  of  knowing  how  far  it  actually  spread  in  that  direc- 
tion. There  are  gravels  cont<aining  Chalk  flints  near  Torrington  in  the 
north-west  of  Devonshire  and  also  in  South  Wales  (Glamorganshire) 
up  to  heights  of  400  feet,  and  though  these  may  not  have  been  directly 
derived  from  the  Chalk,  it  is  highly  probable  that  Chalk  once  covered 
large  parts  of  those  districts,  and  extended  beyond  the  mouth  of  the 
Bristol  Channel. 

It  c^n  hardly  be  doubted  that  the  Chalk  was  deposited  over  the 
whole  of  Central  England,  and  extended  acrOes  Cheshire  and  the 
Irish  Seji  to  Antrim,  where  large  tracts  of  it  still  exist  beneath  the 
protecting  cover  of  the  Lower  Teiliary  basaltic  lavas. 

That  the  Chalk,  and  especially  its  middle  and  upper  portion,  must 
have  had  a  great  westerly  extension  may  l)e  inferred  from  the  great 
purity  of  the  Chalk  in  the  outliers  which  still  remain  in  Devonshire, 
and  from  the  great  thickness  of  the  formation  iis  a  whole.  In  the  Isle 
of  Wight  its  thickness  is  not  less  tlian  1,600  feet,  inJJ^^orfolk  it  is  prob- 
ably about  1,300  feet,  and  in  Yorkshire  Mr.  I^amplugh  has  estimate 
it  at  1,270  feet,  though  the  highest  beds  are  not  there  exjx)8ed. 

The  continuity  and  comparative  uniformity  of  the  material  com- 
posing this  great  Chalk  formation  have  been  a  considerable  hindrance 
to  its  scientific  exploration.  It  is  really  divisible  into  at  least  thrc  e 
stages,  each  of  which  has  special  lithological  charactera  and  a  special 
assemblage  of  fossils,  but  it  is  only  witliin  the  last  twenty  years  that 
these  stages  have  been  adequately  recognised  in  England. 

From  tliis  point  of  view  the  Chalk  contrasts  strongly  with  the 
Jurassic  Series,  which  is  obviously  divisible  into  a  number  of  con- 
secutive rock-groups,  each  with  a  different  set  of  fossils.  Conse- 
quently when  William  Smith  b^an  to  record  the  sequence  of  rocks 
in  the  neighbourhood  of  Bath  he  readily  recognised  the  several  local 
members  of  the  Oolitic  Series,  as  well  as  the  overlying  beds  of  "  Blue 
njarl "  (Gault)  and  Greensand,  but  the  Clialk  appeared  to  him  as  a 
single  formation,  incapable  of  being  definitely  subdivided,  except  into 
a  lower  part  without  flints  and  an  upper  part  with  flints. 

One  of  William  Smith's  contemporaries,  however,  whose  i^eeidence 
in  the  Vale  of  Pewsey  afforded  him  excellent  opportunities  of  obser- 
vation, divided  the  Clialk  mto  tlu'ee  parts,  and  he  was,  in  fact, 
the  first  to  describe  the  bed  which  is  now  known  as  the  Clialk 
Rock.  This  observer  was  the  Rev.  J.  Townsend,  whose  book, 
published  in  1813,  is  a  mine  of  curious  and  generally  accurate  infor- 
nmtion  hidden  under  a  title  which  is  not  calculated  to  attract  the 
geological  reader.* 

*  Tho  Characti^r  of  Mascs  established  for  Veracity  as  an  Historian,  by 
Rev.  J.  Townsend.    4to.    London  and  Bath,  1813. 


The  following  is  his  brief  but  accurate  acxjount  of  the  Chalk  in 
Wilts,  which  he  describes  as  of  three  sorts  :  —  '■■ 

1 .  That  of  the  most  elevated  parts  of  Hants  and  Wilts,  which  "  is 
milk-'white,  fine  in  its  grain,  and  smooth  when  cut,  writes  readily  on 
wood,  and  is  fit  for  the  cooi)er,  for  whiting,  for  lime,  and  for  manure. 
It  is  thei  creta  scHpUrria  of  Liunaius." 

2.  **  In  descending  the  hills  from  Everly  to  the  Vale  of  Pewsey  a 
second  hed  appears,  hard,  ruhbly,  and  tinctured  with  green,  unj^roper 
for  the  uses  to  which  the  former  is  applied,  and  fit  only  for  the  high- 
ways.** 

3.  **  Under  this  we  find  what  is  with  us  called  a  mahny  chalk  {marga 
creiacea  Lin.),  unctuous  to  the  touch,  of  a  grey  or  greenish  white,  unfit 
for  any  of  the  fore-mentioned  purj^oses.'* 

In  the  second  of  the  above  "  sorts  "  it  is  evident  that  we  have  a 
description  of  the  Chalk  liock  which  is  now  taken  as  the  l)ase  of  the 
Upper  Chalk,  and  the  third  sort  is  in  all  prolmbihty  the  Lower 
Chalk  which  has  its  grciitest  thickness  in  Wiltshire,  and  is  in  parts 
tough  and  marly. 

In  the  year  1818  two  geologists  were  studying  the  Chalk  of  the 
south-east  of  England,  and  botli  published  some  account  of  its  com- 
l>onent  parts.  These  were  G.  A.  Mantell  and  William  Phillips. 
ManteU's  fii'st  publication  was  in  that  year,  and  was  entitled  "  A 
Sketch  of  the  Geologicjil  Structure  of  the  South-eastern  part  of 
Sussex."*  In  this  he  describee  the  "  Chalk  formation  "  as  comprising 
(a)  Blue  Marl,  (b)  Chalk  Marl,  (c)  Lower  or  Hard  Chalk,  (d)  Upper 
or  Flinty  Chalk.  His  Blue  Marl,  however,  was  really  the  Gault, 
so  that  his  division  of  the  Chalk  was  very  little  more  than  that  of 
Smith's  division  into  flintless  and  flint-bearing  chalk. 

About  the  same  time  W.  Phillips  had  examined  the  fine  exposure 
of  the  Chalk  in  the  cliffs  near  Folkestone  and  Dover,  but  his  memoii* 
though  read  to  the  Geological  Society  in  1818,  was  not  published 
till  1821. t  His  account  is  excellent  so  far  as  it  goes,  and  the  htho- 
logical  characters  of  his  seveml  subdivisions  are  carefully  described. 
The  following  is  his  grouping  of  the  beds  :  — 

1.  Chalk  with  numerous  fiints,  350  feet,  in  two  parts : 

I.  With  few  organic  remains. 
XL  With  many  organic  remains. 

2.  Chalk  with  few  flints,  130  feet. 

3.  Chalk  without  flints,  in  two  parts : 

I.  With  many  organic  remains,  hard  and  rough,  90  feet 
IL  With  few  organic  remains,  soft  and  whitish,  50  feet. 

4.  The  Grey  Chalk,  estimated  at  200  feet. 

The  first  division  is  what  is  generally  known  as  Upper  Chalk,  its 
lower  part  being  "  the  nodular  chalk  of  Dover,"  which  includes  the 
equivalent  of  the  Chalk  Bock. 

No.  2  and  the  upper  part  of  No.  3  answer  to  what  is  now  called 
the  Kiddle  Chalk,  or,  more  accurately  speaking,  No.  2  is  the 
zone  of  Terebratvlina,  and  3  I.  includes  the  zone  of  Rhynchondla 

*  In  the  Provincial  Magazine  for  August,  1818. 
t  Trans.  Qeol.  Soc.,  Vol.  v.  p.  1,  . .        , 
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Cmieri.  His  3  II.,  or  "  Chalk  without  flints  and  with  few  organic 
remains,''  is  the  upper  part  of  our  Lower  Chalk,  and  his  Grey  Chalk 
includes  what  was  then  usually  called  Chalk  Marl. 

From  this  it  will  be  seen  that  Phillips  made  a  very  near  approach 
to  the  modern  mode  of  subdivision.  He  particularly  notes  the  bed 
of  soft  marl  (zone  of  Actinocamax  ylenus)  which  forms  such  a 
marked  horizon  between  the  two  parts  of  his  "  Chalk  without  fiinta," 
and  if  he  had  only  taken  this  clear  physical  line  of  demarcation, 
instead  of  making  the  presence  or  absence  of  flints  his  criterion,  his 
divisions  could  have  been  accepted  at  the  present  time. 

Phillips's  description  of  the  Dover  Chalk  was  reproduced  in  Cony- 
beareand  Phillips's  "  Outlines  of  the  Geology  of  England  and  Wales  " 
(1822).  In  this  book,  however,  the  Chalk  is  separated  from  the 
Chalk  Marl,  and  with  the  latter  are  included  the  Upper  Greensand 
and  Gault,  the  authors  being  under  the  erroneous  impression  that 
the  Folkestone  clay  was  an  argillaceous  portion  of  the  Chalk  Marl 
and  that  the  Firestone  beds  or  Upper  Greensand  were  subsidiary  beds 
in  this  formation  (see  Vol.  I.  of  this  Memoir,  p.  21).  Phillips's 
Grey  Chalk  is  therein  regarded  as  the  upper  or  more  calcareous 
portion  of  a  Chalk  Marl  Group.    (See  **  Outlines,"  pp.  104, 126.) 

Mantell's  "Fossils  of  the  South  Downs"  was  published  in  1822, 
and  he  also  classes  the  Gault  and  Chalk  Marl  together,  calling  the 
former  "  Blue  Clialk  Marl,"  and  the  latter  "  The  Grey  Chalk  Marl." 
The  Chalk,  as  distinct  from  the  Chalk  Marl,  he  only  separates  into 
Lower  without  flints  and  Upper  with  flints,  but  indicates  no  line  of 
demarcation,  so  that  many  of  his  Upper  Chalk  fossils  belong  really 
to  the  Middle  Chalk. 

From  1822  to  1859  every  English  writer  on  the  Chalk,  with  two 
exceptions,  continued  to  use  the  vague  and  unsatisfactorv.  divisions 
of:- 

Upper  Chalk  with  flmts. 
Lower  Chalk  without  flints,  * 

Chalk  Marl  and  Grey  Chalk, 
without  attempting  to  define  the  limits  between  them. 

The  two  exceptions  were  Samuel  Woodward,  in  1833,  and  Daniel 
Sharpe,  in  1853. 

Woodward's  division  of  the  Norfolk  Chalk*  was  not  unlike  that 
of  W.  Phillips,  being  into  four  parts,  as  below  :  — 

Upper  Chalk  with  many  flints. 
^  Medial  Chalk  with  few  flints. 

Ix)wer  Chalk  without  flints. 
Clialk  Marl. 

He  roughly  indicated  the  aretis  occupied  by  these  divisions  on 
his  sketch  map  of  Norfolk,  but  gave  no  exact  indication  of  the  limits 
between  them.  It  is  proba])le  that  his  **  lower  or  hard  chalk  "  in- 
cluded beds  which  are  now  regarded  as  the  base  of  the  Middle  Chalk, 
and  that  his  Medial  Chalk  comprised  beds  both  atove  and  below 

*  An  Outline  of  the  Geology  of  Norfolk,  4to  and  8vo,  Norwich,  1833, 
with  a  geological  sketch  map  and  plates  of  fossils. 
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the  horizon  of  the  Chalk  Bock.  Both  S.  Woodward  and  his  friend 
C.  B.  Bose*  drew  special  attention  to  the  important  fact  that  the 
several  divisions  of  the  Chalk  contained  different  assemblages  of 
fossils. 

-As  time  went  on  this  fact  impressed  itself  on  the  collector  of 
Chalk  fossils,  so  that  in  1853  Mr.  Sharpe  recognised  the  necessity 
of  recording  the  general  stratigraphical  positions  of  the  fossils  he 
described,  but  found  himself  obliged  to  be  contented  "  with  referring 
specimens  to  one  or  other  of  the  following  great  divisions  of  the 
Chalk,  which  are  easily  recognised,  although  they  are  not  separated 
by  any  well-defined  lines/' f    His  divisions  are  :  — 

1.  Tipper  Chalk  (Norfolk,  Gravesend  and  Northfleet). 

2.  Middle  Chalk,  which  contains  but  few  fossils. 

3.  Lower  or  Grey  Chalk,  cx)ntaining  numerous  fossils. 

He  places  the  Chloritic  Marl  at  the  liase,  and  includes  the  Chalk 
Marl  in  the  Lower  Chalk.  His  Middle  Chalk  is  completely  unde- 
iined,  as  he  refers  to  no  sections,  and  the  only  fossils  he  refers  to  it 
are  Bdemnitella  quadrata,  Ammonites  peramplns,  Am.  hravai- 
sianus  and  Am.  Woolgari—fosHih  which  really  occur  at  widely 
distant  horizons. 

The  first  real  advance  toward  a  definite  sulxlivision  of  the  Chalk 
was  made  by  W.  Whitaker  in  1859,J  who  then  described  the  Chalk 
Bock,  and  defined  it  as  the  topmost  bed  of  the  Lower  Chalk,  in' 
Wiltshire,  Berkshire,  and  Oxfordshire.  He  remarks  that  "  where- 
ever  the  Chalk-rock  has  been  seen  in  the  above-mentioned  country 
it  forms  an  exact  boundary  between  the  Chalk  with  flints  and  the 
Chalk  without  flints."  In  1865  the  same  observer  determined 
the  true  position  of  the  Totternhoe  Stone,  and  distinguished  the 
following  subdivisions  in  the  Chalk  of  Buckinghamshire  :  — 

Clialk  with  flints  =-  Upper  Chalk. 

Chalk  Rock  ] 

Chalk  with  few  flints  |  ,  ni .  iw 

Chalk  without  fliuU   {tl;i'^St§       I    ""      ''    ■ 

Totternhoe  Stone  S^m   u  \t    i 

Totternhoe  Marl  jChalkMarl. 

He  found  that  these  horizons  could  be  followed  for  a  long  distance, 
and  the  outcrop  of  the  Totternhoe  Stone  was  engraved  on  one  of  the 
Geological  Survey  ma]is  (4()  S.W.),  but  no  attempt  was  then  made 
to  estimate  the  range  of  the  fossils  in  these  sulxliviHions. 


♦  A  Sketch  of  the  Geology  of  West  Norfolk,  by  C.  B.  Rose.    Phil.  Mag., 
Ser.  3,  Vol.  vii.  pp.  171,  274,  370,  and  Vol.  viii.  p.  28  (1835-1836). 
t  Fossil  MoUusca  of  the  Chalk,  Pal.  Soc.  Introduction. 

J  Catalogue  of  the  Rock-specimens  in  the  Museum  of  Practical  Geology, 
Ed.  2,  1859,  p.  296.    See  also  Quart.  Journ.  Geol.  Soc.,  Vol.  xvii  p.  166. 

§  This  appears  to  have  inchided  the  rocky  chalk  which  is  aow  known 
as  th«  Melbourn  Rock. 
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'  The  firat  endeavour  to  establish  a  zonal  classification  of  the  beds 
'by  means  of  the  fossils  was  made  by  Caleb  Evans,  whose  paper  on 
"  Some  Sections  of  Chalk  between  Croydon  and  Oxtead,"  was  pul> 
lished  in  1870.*  In  this  district  Mr.  Evans  distinguished  six  zone& 
which  he  characterised  by  the  following  fossils  and  names  :  — 

1.  Zone  with  Micraster  corangiiinum= Pur^  Beds, 

2.  „       „  „  „  ^  Upper  Kenley  Beds. 

3.  „       „    MicrastercorbovisandHolaster planus  =*ioa^er^enift/Berf«. 

4.  „       „    Inoceramus     Brongniarti    and    Galerites    subrotundus 

«=»  Whiteleaf  Beds. 

5.  Zone  of  A(pinonite8  peramplus  and  Inoceramus  mytiloide8=  Upper 

Marden  Park  Beds. 

6.  Zone  of  Ammonites  varians  and  Belemnitella  plena =ZoM;cr  Marden 

Park  Beds  (Chalk  Marl  and  Grey  Chalk). 

At  the  end  of  his  paper  the  following  generalised  classification  is 

given  :  — 

Feet. 

Upper  Chalk  (Purley  and  Kenley  Beds) 250 

Middle  Chalk  (Whiteleaf  Beds) 75 

tower  Chalk  (Marden  Park  Beds) 1190 

In  a  suljsequent  paper  f  Mr.  Evans  distinguished  l>etween  some 
of  the  species  of  Micraster  and  referred  all  the  forms  found  in  his 
Purley  and  Kenley  Bed^  to  M.  cortestudinarium 

In  the  same  year  (1870)  Mr.  G.  Dowker  subdivided  the  whole 
of  the  Kentish  Chalk  into  six  groups  or  stages,  based  on  obvious 
lithological  difi'erences,  giving  them  locjil  names.  Tlie  following  is 
his  classification  J :  — 

1.  Marfrato  Chalk  ------ 


2.  Bamsffate  Chalk 


k* 


t  ^.Uari^T^rC^^^^^      ■    .'    -    :[l>er  Chalk  with  flinte. 

4.  Dover  Chalk j[ 

5.  Chalk  without  flints  -        -    -    -w  m    n 

6.  Grey  Chalk J  Lower  Chalk. 


His  "Grey  Clialk"  includes  the  Chalk  Marl  and  corresponds 
exactly  with  what  is  now  known  as  Ijower  C'halk.  His  4  and  5 
include  most  of  wliat  is  now  classed  as  Middle  Chalk.  The  St.  Mar- 
garets chalk  is  the  nodular  chalk  which  is  now  recognised  as  in- 
cluding the  passage  l3eds  from  the  Middle  to  the  Upper  Chalk,  and 
has  the  representative  of  the  Chalk  Hock  at  its  bii«(».  The  Itams- 
gate  Chalk  comprises  all  the  chalk  which  luxs  frc^pient  layers  of 
flints,  and  the  Margate  Chalk  is  the  comj)aratively  fliiitless  chalk 
above  it.  lu^this  chussification  Mr.  Dowker  really  seized  upon  the 
most  prominent  divisional  ])lane.s  in  the  Kentish  (^halk,  and  if  he 
had  ever  completed  his  collection  and  examination  of  the  fossils  he 
would  probably  have  developed  a  complete  zonail  sulxlivision  of 
the  Kentish  Chalk. 

*  Proc.  Geol.  As>6o.  Separate  pjapers. 
"•  t  Proc.  Gted.  Assoc.  Vol.  V.  |).  150. '•  • 

X  Geol.  Mag.,  Vol.  vii.  p.  466.  '      *    ' ' 
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.  In  1876  FrofeBsor  Ch.  Barrois  published  a  detailed  accouut  of 
the  whole  Upper  Cretaceous  series  in  England  and  Ireland,  and 
showed  that  the  same  zones  which  he  and  others  had  established 
in  France  could  be  followed  throughEngland,*  and  could  be  grouped, 
under  the  main  divisions  proposed  by  D*Orbigny.  His  classifiiBa- 
tion  may  be  summarised  as  follows  :  — 


Sexonian 


Divisioiis.  Zone* 

Zone  of  Belemnites.  < 

2jone  of  Marsupitcs.  , 

.Zone  of  Micrasters. 

r2jone  of  Holastor  planum. 
FURONIAN      -        •        -J  Zone  of  Terebratulina  gracilis. 
*        •-  I  Zone  of  Inoceramus  labiatiis. 

(Zone  of  Belemnites  pFenus.  •  • 

Zone  of  Holaster  subglobosus. 
Chloritic  Marl. 
Zone  of  Pecten  aspcr. 
Zone  of  Ammonites  inflatus. 

In  the  zone  of  Hdaater  planus  he  placed  the  Chalk  Rock, 
BO  that  the  line  between  the  Senonian  and  Turonian  was 
drawn  at  nearly  the  same  horizon  as  that  which  Mr.  Whitaker 
had  recognised  as  dividing  the  Upper  and  Ix)wer  Chalk.  The  most 
important  result  of  his  work,  t<3  English  geologists,  was  the  defini- 
tion of  the  lower  limit  of  the  Turonian,  and  the  coii8LM|uont  estab- 
lishment of  a  Middle  Chalk.  This,  as  we  have  seen,  had  been 
tentatively  suggested  by  Mr.  Caleb  Evans,  but  Professor  Ikrrois 
established  it  on  a  sui'er  Ijasis  by  showing  that  the  real  line  of  seimra- 
tion  between  the  Tui-onian  and  Cenomanian  fauna  lav  lx»tween 
his  zones  of  Irvoccramtts  lalyuitus  and  Belemnites  plcnua,  that  is 
considerably  lower  than  the  line  taken  by  Caleb  Evans. 

It  was,  therefore,  Frofessor  Barrois  who  fii*st  demonstrated  to 
EngUsh  geologists  that  it  was  not  only  possible  to  divide  the  English 
Cfaalk  into  three  parts  or  stages,  but  that  the  distribution  of  the 
fossils  made  this  a  natural  and  necessary  mode  of  classification, 
It  will  be  noticed,  however,  that  his  Cenomanian  includes  beds 
which  lie  below  our  Li^wer  Chalk  and  form  part  of  our  Seltemian 
stage. 

During  the  years  187r>  to  1879  Mr.  W.  H.  Penning  and  the  writer 
were  engaged  on  the  survey  of  the  neighbourhood  of  Cambridge, 
and  the  publicAtion  of  Frofessor  Barrois'  Reso.arrhea  gave  an  inij)et\is 
to  our  desire  to  establish  some  definite  divisions  in  the  Chalk  of 
"Cambridgeshii'e.  We  had  found  wliat  api)eai'ed  to  Ih^  the  repre- 
sentatives of  the  Chalk  Rock  and  of  the  Totternhoe  Stone,  identifi- 
cations which  were  confirmed  bv  Mr.  Whitaker  himself ;  and  1 
had  noticed  that  the  marlv  layer  which  I^ofessor  Barrois  identified 
"^aith  his  zone  of  Belemnites  plenus  was  often  associated  with  beds 
of  very  hard  rocky  chalk.    A  special  examination  of  the  line  of 

*  Recherches   sur  le  terrain  Cr^tac6  Superienr  <le  I'Angleterre  et  dc 
rirlande.  Mem.  Soc.  Qippl.  du.  Xord,  1876,  . 
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country  along  the  course  of  this  horizon  revealed  the  fact  that  these 
rocky  beds  were  continuous  and  constant  in  character,  and  as  they 
were  well  exposed  in  quarries  near  Melbourn,  between  Cambridge 
and  Royston,  they  were  named  Melbourn  Rock  after  that  village. 

As  the  horizons  of  the  ChalkRock,  Melboui'n  Rock,  and  Totternhoe 
Stone  were  all  capable  of  being  traced  across  the  country  and  indi- 
cated by  lines  on  the  map,  it  seemed  to  us  at  firat  that  the  ChaUc 
might  be  divided  into  four  parts  or  stages.  When,  however,  fossils 
Imd  been  carefully  collected  by  Mr.  Allen  from  all  the  pits  foimd 
during  our  survey  it  became  evident  that  the  Totternhoe  Stone  was 
only  a  Uthological  variety  of  the  Lower  Chalk,  while  the  Melbourn 
Rock  and  the  Chalk  Rock  separated  well  marked  palseontological 
divisions  of  the  Chalk. 

The  results  of  our  examinations  of  the  Cambridge  Chalk,  therefoi-e, 
entirely  agreed  with  those  arrived  at  by  Dr.  Barrois,  both  with 
regard  to  the  general  succession  of  zones  and  the  grouping  of  these 
zones  into  three  stages.  In  other  words,  we  made  it  clear  that  this 
Chalk  was  naturally  divided  into  Upper,  Middle,  and  Lower  portions, 
and  we  demonstrated  the  possibility  of  drawing  the  boundary 
luies  of  these  divisions  on  a  geological  map. 

During  the  survey  of  part  of  East  Lincolnshire  from  1879 
to  1883 1  found  that  the  Chalk  of  that  county  fell  naturally  into  two 
divisions,  which  corresponded  generally  with  the  Lower  and  Middle 
(yhalk  of  Cambridgeshire,  and  were  divided  by  a  set  of  hard  rocky 
)yedsy  which  appeared  to  include  a  representative  of  the  Melbourn 
Rock.*  This  conclusion  was  confirmed  by  the  subsequent  investi- 
gation of  Mr.  W.  Hill,  who  also  found  the  same  divisions  extend 
through  the  Chalk  of  Yorkshire.f 

Meantime  (in  1886),  Mr.  W.  Hill  and  the  author  traced  the  zonal 
divisions  of  the  Cambridge  Chalk  northward  through  Suffolk  and 
Norfolk  to  Hunstanton,  and  described  the  gradual  lithological 
clianges  which  take  place  along  this  line  of  country.J 

Since  the  year  1884  the  author  has  been  engaged  in  collecting 
materials  for  the  present  Memoir,  and  in  drawing  the  boundary 
lines  of  the  I^ower,  Middle,  and  Upper  Chalk  thi'ough  the  counties 
of  Hertford,  Bedford,  Buckingham,  Oxford,  Berks,  South  Wilts, 
Dorset,  and  Devon  ;  the  result  being  to  prove  the  continuity  of  the 
Melbourn  Rock  and  the  Chalk  Rock  throughout  these  counties, 
except  in  Devonshire,  where  they  lose  their  special  characters. 

The  same  divisions  have  been  mapped  in  North  Wilts  and  Hamp- 
shire by  Messrs.  F.  J.  Bennett  and  C.  E.  Hawkins,  through  Sussex 
])/  Mr.  Clement  Reid,  and  in  the  Isle  of  Wight  by  Mr.  A.  Strahan. 
The  equivalents  of  the  Melbourn  Rock  and  the  Chalk  Rock  were 


*  See  The  Geology  of  part  of  East  Lincolnshire,  Mem.  Geol.  Survey, 
1887,  p.  28. 

t.  Quart.  Journ.  Gepl.  Soc.,  Vd.  xliv.  p.  320,  1888. 

-J  Quart.  Journ.  Geol.  Soc.,  Vol.  xliii.  p.  644,  X887, 
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recognised  at  Dover  by  Mr.  W.  Hill  in  1886,*  and  more  recently 
Mr.  Hill  has  traced  the  Melbourn  Rock  through  Kent  and  Surrey 
in  the  course  of  explorations  specially  made  for  the  Geological  Survey 
during  the  years  1896  and  1897. 

It  should  be  mentioned,  however,  that  while  the  Melbourn  Rock 
maintains  its  characters  and  position  throughout  these  south-eastern 
counties,  there  is  no  bed  of  soUd  limestone  with  green-coated 
nodules  like  the  Chalk  Rock  of  more  western  counties,  its  place 
being  taken  by  a  considerable  thickness  of  nodular  chalk,  in  which 
harder  rocky  beds  occui*  at  iiregular  intervals. 

It  has  indeed  become  apparent  to  Mr.  Hill  and  myself,  during 
the  course  of  our  joint  and  sepai'ate  explorations,  that  the  bed 
originally  described  by  Mr.  Whitaker  as  the  "  Chalk  Rock,"  is  only 
one  of  several  beds  of  chalky  limestone  which  make  their  appearance 
in  and  above  the  zone  of  HolaMer  planus,  and  also  that  layers  of 
green-coated  nodules  are  not  confined  to  this  one  horizon.  In 
tracing  the  base  of  this  zone  it  is  therefore  necessary  to  pay  more 
attention  to  fossils  than  to  lithological  characters. 

In  conclusion,  it  has  been  shown  by  the  testimony  of  many  ob- 
servers that  the  Chalk  of  England  can  be  divided  into  three  parts  or 
stages,  Lower,  Middle,  and  Upper,  which  correspond  roughly 
with  the  French  stages  known  as  Cenomanian,  Turonian,  and 
Senonian.  Each  of  these  stages  is  capable  of  fiu'ther  subdivision 
into  zones,  as  will  be  pointed  out  in  the  sequel. 

The  Lower  Chalk  comprises  the  beds  which  were  formerly 
known  as  Chalk  Marl  and  Grey  Chalk,  as  well  as  a  certain  thick- 
ness of  the  "  white  chalk  without  flints."  Over  the  greater  part  of 
England,  its  basement  bed  is  a  sandy  glauconitic  marl,  often  con- 
taining phosphatic  nodules;  in  certain  areas  this  has  been  called 
the  Chloritic  Marl,  in  others  the  Cambridge  Greensand  ;  but  over 
the  area  of  the  Red  Chalk  its  lowest  bed  is  a  pure  limestone  without 
any  admixture  of  sand.  Its  summit  is  generally  defined  by  a  band 
of  grey  marl,  in  which  the  Belemnite  Actinocamax  plenxis  is  fre- 
quently to  be  foimd. 

The  total  thickness  of  the  I^ower  Chalk  varies  from  250  to  about 
60  feet.  In  Devon  its  place  is  taken  by  calcareous  sandstone  and 
quartziferous  Umestone,  varying  from  1  to  40  feet  in  thickness. 

The  Middle  Chalk  consists  partly  of  hard  rocky  or  nodular 
chalk  and  partly  of  firm  white  chalk.  Its  basement-l^ed  is  the  hard 
nodular  chalk  to  which  the  name  of  Melbourn  Rock  has  been  given. 
Flints  are  generally  absent  from  the  lower  part,  are  spaiingly  dis- 
tributed in  its  middle  portion,  but  are  sometimes  numerous  in  the 
higher  beds. 

As  defined  in  this  Memoir  the  Middle  Chalk  does  not  include  the 
Chalk  Rock  of  the  Midland  and  Eastern  counties,  but  does  include 
the  bed  to  which  that  name  has  been  applied  in  Dorset  and  in  the 


•  On  the  Beds  between  the  Upper  and  Lower  Chalk  of  Dover,  Quart- 
Journ.  Qeol.  See.,  Vol.  riii.  p.  232. 
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Isle  of  Wight.  Where  fully  developed,  as  in  the  south-eastern 
counties,  the  Middle  Chalk  is  about  240  feet  in  thickness,  but  in 
some  districts  it  is  less  than  100  feet. 

The  Upper  Chalk  is  less  variable  in  lithological  character 
than  the  Middle  or  Lower  divisions ;  it  consists  in  the  lowest  part 
of  hard  nodular  chalk,  in  which  beds  of  compact  limestone  fre- 
quently occur,  one  of  which  is  known  as  the  Chalk  Rock  ;  the 
greater  part  of  this  division,  however,  consists  of  soft  white  chalk, 
in  which  flints  are  generally  abundant,  but  there  is  a  certain  zone 
or  jKjrtion  of  it  where  flints  are  less  common  and  which  is  some- 
times almost  flintless. 

Where  fully  developed  the  Upper  Chalk  is  more  than  1,000  feet 
thick,  but  its  actual  thickness  varies  greatly  in  different  parts  of 
the  country,  o^nng  to  the  great  erosion  which  it  suffered  in  the 
interval  between  the  Cretaceous  and  the  Eocene  periods.  Thus  in 
the  central  parts  of  the  Tjondon  Basin,  its  thickness  has  been  reduced 
to  between  200  and  300  feet,  and  though  it  may  never  have  been 
1,000  feet  thick  in  that  area,  it  is  probable  that  several  hundred 
feet  of  chalk  were  removed  before  the  formation  of  the  lowest  Eocene 
beds. 


Copyright 
Ts  at  Keniile  Scar,  Selwiclt's  Bay,  Yorkshire. 
Chalk  without  flints. 
From  a  Phoiograph  by  Mr.  Godfrey  Bingley, 
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CHAITER  IL 
GENEIUL  ACCOUNT  OF  THE  LOWER  CHALK. 

Definition  and  Limitation. 

It  is  only  within  the  last  twenty  years  that  what  is  now  termed 
the  Lower  Chalk  has  taken  rank  as  a  definite  stage  in  the  IJppei* 
Cretaceous  Series.  In  the  earlier  jmrt  of  last  century  the  name  was 
used  in  a  more  or  less  indefinite  manner  for  the  lower  part  of  the 
white  chalk,  excluding  the  Chalk  Marl.  After  the  discovery  of 
the  "  Chalk  Rock  "  by  Mr.  Whitaker  in  1859,  the  term  was  used 
in  Survey  Memoirs,  and  in  text-books  published  between  the  years 
1860  and  1870,  for  the  chalk  which  lay  Ijetween  that  rock  and  the 
Chalk  Marl. 

In  1870  Mr.  Caleb  Evans  made  a  more  rational  use  of  the  term  by 
proposing  to  include  in  it  the  Chalk  Marl,  but  he  still  included  some 
beds  which  are  now  referred  to  the  Middle  Chalk  (see  p.  6). 

In  1870  Dr.  Charles  Barrois  described  the  Chalk  of  England  on 
the  basis  of  the  classification  which  had  been  worked  out  in  France, 
and  showed  that  the  sepai'ation  of  the  Turonian  from  the  Ceno- 
manian  was  very  clearly  marked  throughout  the  south  of  P^ngland. 
English  geologists,  however,  were  not  at  that  time  prepared  to 
accept  the  French  scheme  of  nomenclature,  and  it  was  not  till  1880, 
after  the  mapping  of  the  country  round  Cambridge  and  the  dis- 
covery of  the  Melbourn  Rock,  that  the  limits  of  the  Lower  Chalk 
were  defined  in  a  manner  that  could  l)e  adopted  by  the  Geological 
Survey.  This  definition  wjia  published  in  the  Geological  Maga- 
zine (1880)  and  in  the  Survev  Memoh*  on  "  The  Neighbourhood  of 
Cambridge  "(1881). 

In  that  memoir  the  zone  of  Bdemnitdla  plerui  was  included  in 
the  Melbourn  Rock,  because  in  Cambridgeshire  and  Hertfordshire 
it  includes  a  medial  band  of  hard  i-ock  ;  but  a  subsequent  study  of 
these  beds*  led  te  the  separation  of  the  Relemnite  marls  and  their 
inclusion  in  the  Ix)wer  C'halk.  The  plane  of  separation  thus  drawn 
wjis  identical  with  that  tjiken  by  Dr.  liirrois  as  seixarating  the 
Turonian  and  Cenomanian. 

Beds  included  in  Lower  Chalk. 

« 

As  now  defined,  therefore,  the  Lower  Chalk  includes  all  the  beds  of 
marl  and  chalk  which  lie  between  the  highest  bed  of  Gault  or  Green- 
sand  and   the  Melbourn  Rock,  which  is  the  base  of  the  Middle 


*  On  the  Melbourn  Rock  and  the  Zone  of  Belemnitella  plena,  by  W.  Hill 
and  A.  J.  Jukes-Browne.    Quart.  Journ.  Gegl.  Soc.,  Vo^  xlii.  p.  216, 1886. 
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Chalk  or  Turonian  stage.  It  includes,  therefore,  the  beds  which 
have  been  called  Chl^rUic  Marl,  Chalk  Marl,  and  Grey  Chalk,  to- 
gether with  a  certain  thickness  of  white  or  whitish  chalk  which  has 
a  band  of  grey  marl  at  the  top. 

The  question  of  the  line  of  demarcation  between  the  Upper  Green- 
sand  (Selbornian)  and  Lower  Clialk  has  given  rise  to  much  con- 
troversy, for  the  junction  of  the  two  formations  presents  very  diffe- 
rent aspects  in  different  parts  of  the  country.  In  some  localities, 
especially  where  the  highest  part  of  the  Selbornian  consists  of  soft 
gieensand,  there  is  a  gradual  passage  upward  from  this  sand  into 
the  Chalk  Marl,  a  part  of  the  passage  l^eing  generally  occupied  by 
sandy  glauconitic  marl  containing  small  phosphatic  nodules  and  caste 
offo3sils.  In  other  places,  however,  the  plane  of  division  is  clearly 
marked,  and  a  certain  amount  of  current-erosion  seems  to  have 
taken  place,  so  that  the  base  of  the  Chalk  Marl  rests  on  a  waterworn 
surface,  and  contaiiLS  a  large  numl)er  of  phosphatic  nodules  and 
fossils,  which  in  some  places  have  clearly  been  derived  from  the 
erosion  of  pre-existent  dejx)3its. 

Li  the  southern  counties  any  layer  of  glauconitic  and  noduhferous 
marl  occurring  at  the  junction  of  Greensand  and  Chalk  has  generally 
been  called  "  Chlorific  Marl ; ''  but  in  the  counties  of  Bedford,  Hei'ts, 
Cambridge,  and  Suffolk  the  junction  bed  is  known  as  the  "  Cam- 
bridge Greensand.** 

The  name  Chlorific  Marl  appears  to  have  been  a  translation  of 
the  French  wariie  or  craie  chlorit^e,  and  the  first  suggestion  of  it 
which  we  can  find  is  a  passage  in  a  paper  by  Mr.  Godwin-Austen 
(1843),  in  which  he  describes  the  base  of  the  Chalk  in  Surrey  as 
**  becoming  firat  a  craie  cMoritdey  till  by  further  diminution  of  the 
ctvlcareous  matter  we  reach  the  bright  green  l)eds  of  the  Upper  Green- 
sand  with  Plicatula  inflata.'**  Professor  E.  Forbes  and  Captain 
L.  L.  B.  Ibbetson  seem  to  have  been  the  first  to  employ  it  as  a  designa- 
tion for  a  particular  chloritic  (i.e.,  glauconitic)  marl,  the  mineral 
now  known  as  glauc/yfiite  being  then  confused  with  chlorite,  Theii* 
"  Chloritic  Marl  "  was  that  at  the  junction  of  Greensand  and  Chalk 
in  the  Isle  of  Wight,!  and  Captain  Ibbetson  gave  a  more  particular 
account  of  this  stratum  in  a  later  i)aper,J  the  substance  of  which 
was  incorporated  in  a  little  book  published  in  1849,  entitled  "  Notes 
on  the  Geology  and  Chemical  Composition  of  the  Isle  of  Wight.'' 

From  that  date  this  jmrticular  bed  lias  always  l)een  known  as 
"  The  Chloritic  Marl/'  notwithstanding  the  misnomer  involved  in 
the  term.  C\iptain  Iblx»tson\s  description  of  the  bed  is,  however, 
not  free  from  ambiguity,  and  difliculties  arose  in  a*scertnining  how 
much  he  meant  to  include  in  his  Chloritic  Marl,  and  which  l)ed 
ought  to  be  regarded  as  the  base  of  the  Chalk.  Thus  Mr.  M.  Nor- 
man, describing  the  Ventnor  section  in  1858,*  distinguished  what 


*  Proc.  Geol.  Soc.,  Vol.  iv.  p.  169. 
t  Brit.  Assoc.  Rep.  for  1344.    Trans.  Sec.  p.  144. 
t  Brit  Assoc.  Rep.  for  184S.    Trans.  Sec.  p.  69. 
§  Geologist,  Vol.  i.  p.  480. 
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he  termed  Chloritic  Marl  from  an  overlying  "  Fhoephatic  Marl," 
and  in  a  much  later  paper*  (1882)  he  calls  the  latter  the  "  Fossili- 
ferous  Marl,"  still  applying  the  name  CtdorUic  Marl  to  the  under- 
lying bed.  Mr.  Norman  had,  however,  informed  us  in  1880  that 
both  these  beds  were  included  by  Captain  Ibbetson  under  the 
name  Chloritic  Marl,  and  as  he  had  often  accompanied  Captain 
Ibbetson,  his  testimony  is  of  value. 

There  is,  however,  near  Ventnor  a  third  bed  below  the  other 
two,  and  separated  from  what  Mr.  Norman  calls  the  Chloritic  Marl 
by  a  layer  of  rolled  stones  and  phosphatic  nodules.  This  is  the  bed 
referred  to  by  Mr.  C.  J.  A.  Meyer  in  1878,  who  regarded  it  as 
part  of  what  had  been  called  Chloritic  Marl,  and  maintained  that 
under  this  name  there  were  included  two  beds,  **  which,  although  in 
actual  contact,  were  in  age  widely  separated/'  the  one  being  the 
(local)  top  of  the  Upper  Greensand  and  the  other  the  (local)  bottom 
of  the  Chalk  Marl.  This  Is  quite  true  of  the  beds  referred  to  by  Mr. 
Meyer,  but  we  do  not  think  that  the  lowest  bed  was  ever  included 
by  Captain  Ibbetson  in  his  Chloritic  Marl. 

Meantime  the  name  Chloritic  Marl  had  been  applied  to  bods  at 
the  base  of  the  Chalk  in  Dorset,  Hants,  and  other  counties.  Mr. 
H.  W.  Bristow  was  surveying  the  western  part  of  Dorset  during 
the  years  1846  and  1847,  and  the  Geological  Survey  map  (Sheet  18) 
was  published  in  1850.  No  descriptive  memoir  of  it  was  issued, 
nor  was  any  paper  on  the  Chalk  or  Greensand  of  West  Dorset  pul>- 
lished  either  by  Mr.  Bristow  or  by  Professor  Forbes,  who  examined 
the  fossils  collected  from  the  district ;  but  it  is  known  that  they 
regarded  the  basement  bed  of  the  Chalk  in  1  )orset  as  the  equivalent 
of  the  Chloritic  Marl  of  the  Isle  of  Wight.  Thus  Professor  Forbes, 
under  the  description  of  Galerites  castanea,]  mentions  the  "  Chlori- 
tic Marl "  of  Dorset,  and  the  abundance  of  that  fossil  in  it ;  and 
Mr.  Bristow  has  recorded  the  opinion  of  Professor  ForbesJ  that  the 
*  Chloritic  Marl "  of  Doraet  belonged  to  the  Chalk  and  not  to  the 
Greensand,  l)ecause  Scapliites  wcpialis  is  a  common  fossil  in  it.  This 
is  true  of  the  Doi-set  bed,  but  not  of  that  in  the  Isle  of  Wight,  and  the 
facts  as  at  present  known  make  it  probable  that  the  nodule  bed  at  the 
base  of  the  Doi-set  Chalk  is  not  the  exact  chronological  equivalent  of 
any  part  of  the  Chloritic  Marl  of  the  Isle  of  Wight,  but  is  of  slightly 
later  date. 

Again,  Mr.  Meyer  had  come  to  the  conclusion  in  1874  that  certain 
beds  at  the  base  of  the  Chalk  in  Devonshire  represented  the  C'hlori- 
tic  Marl  of  the  Isle  of  Wight ;  and  as  many  of  the  fossils  occun-ed 
also  in  the  highest  bed  of  the  Upper  Greensand  near  Warminstei' 
(Rye  Hill  Sand),  he  thought  that  this  also  should  be  called  Chloritic 


*  Geol.  Mag.,  Dec.  ii.  Vol.  ix.  p.  440. 
t  Decades  of  the  Qaological  Survey,  No.  III.,  1850. 
X  Geology  of  the  Isle  of  Wight.     Mem.  Geol.  Survey.    Second  edition 
(1889),  p.  80.    (Not  in  the  first  edition.) 
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Marl.*  This  view,  with  other  points,  was  the  subject  of  eontr<; 
vergy  at  tlie  time,  but  the  differences  of  opinion  were  liappily  com- 
iK)sed  in  1894,  when  a  joint  note  on  the  subject  was  written  by  Mr. 
Meyer  and  myself.f  We  pointed  out  that  where  the  succession 
is  most  complete,  as  near  Warminster  and  in  the  Isle  of  Wight,  the 
«oft  Greensand  which  contains  the  special  Warminster  fauna  is 
succeeded  by  a  glauconitic  marl  containing  phosphatic  nodules  and 
the  peculiar  siliceous  sponge  Stauronema  Carteri  (SoUas),  but  that 
in  Dorset  and  Devon  this  Stauronema  horizon  doee  not  occm*. 
Hence,  "  if  the  name  Chloritic  Marl  is  to  be  retained— and 
it  seems  to  die  hai'd— we  think  it  should  ]ye  restricted  to  the  horizon 
or  '  hemera  *  of  Stauronema  Carteri,  and  tliat  the  name  should 
cease  to  be  applied  to  the  Scaphites  bed  of  Dorset  and  Somerset,  or 
to  any  bed  in  Devonshire  ....  We  think  that  the  War- 
minster Greensand  and  its  eijuivalents  should  be  regarded  as  the 
summit  of  the  Upper  Gieensand,  and  the  Stauronema  bed  or 
Chloritic  Marl  as  the  lowest  horizon  which  can  be  included  in 
the  Chalk,  this  horizon  being  sometimes  absent  through  non- 
deposition." 

Still  more  recently  the  junction  beds  near  Warminster  have 
Ijeen  minutely  studied  by  Mr.  J.  Scanes  and  myself,  with  the 
result  that  between  the  Chert  Beds  of  the  Selbomian  and  the 
Chloritic  Marl  with  Stauronema  w^e  distinguish  three  separate 
^yers  and  find  that  all  the  characteristic  fossils  of  the  Chloritic 
Marl,  except  Stauronema,  range  down  through  two  of  these 
layers.  But  whether  these  two  layers  should  be  included  in  the 
Chalk  or  in  the  Selbomian  was  left  an  open  question  .J  We  now 
think  that  they  should  be  taken  into  the  zone  of  Am.  varidns  and 
regarded  as  the  base  of  the  Chalk. 

Another  deposit  wliich  has  been  called  both  Upper  Greensand 
etid  Chloritic  Marl  is  that  which  is  more  correctly  known  as  the 
OavJhridge  Greensand.  This  is  a  dark  sandy  glauconitic  marl,  full 
of  black  phosphatic  nodules  and  phosphatised  fossils,  which  forms 
a  constant  bed  at  the  base  of  the  Chalk  Marl  along  it«  outcrop  in  the 
xsounties  of  Bedford,  Hertford,  Cambridge,  and  Suffolk,  resting 
directly  upon  an  eroded  surface  of  the  Gault. 

Up  to  1875  the  Cambridge  Greensand  was  generally  regarded 
as  a  thin  local  representative  of  the  Upper  Greensand,  because  it 
was  supposed  that  the  Gault  was  always  succeeded  by  Upper 
Gf^eensand.  In  1872  Professor  Bonney  read  a  paper-in  w^hich  he 
correctly  described  the  bed  as  occurring  at  the  bottom  of  the  Chalk, 
end  as  resting  on  an  eroded  surface  of  the  Gault,  and  he  regarded 
the  nodules  it  contains  as  derived  from  the  Gault :  nevertheless  he 
still  considered  the  bed  to  be  "the  equivalent  of  the  Upper  Green- 


.^a: 


*  On  the  Cretaceous  Rocks  of  Beer  Head.    Quart.  Journ.  Geol.  Soc, 
Vol.  XXX.  p.  381,    See  also  Geol.  Mag.,  Dec.  ii.  Vol.  v.  p.  547  (1878).  • 
+  Geol.  Mag.,  Dec.  iv.  Vol.  i.  p.  494. 
X  Quart.  Journ.  Geol.  Soc.  Vol.  Ivii.  p.  124. 
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sand  of  the  south  of  England."*  It  was  left  for  the  present  writer 
to  show  that  it  was  really  the  basement  bed  of  the  Chalk  Marl,  and 
that  as  such  it  was  newer  than  any  part  of  the  Upper  Greensand. 
This  conclusion  was  arrived  at  in  1874,  after  a  study  of  the  relations 
of  the  several  formations,  Gault,  Greensand,  and  Chalk,  in  the 
counties  of  Buckingham  and  Bedford,!  and  he  then  found  that 
Mr.  Whitaker,  who  had  mapped  parts  of  those  counties  for  the 
Geological  Survey,  had  formed  the  same  opinion. 

One  other  deposit  may  be  mentioned  which  up  to  the  year  1877 
had  always  been  called  "  Upper  Greensand."  This  is  the  green  sand 
and  marl  which  overlies  the  Gault  at  Folkestone,  and  is  the  bed  in 
wliich  Stauronema  Cartpri  was  fii'st  found.  Mr.  F.  G.  H.  Pince, 
wTiting  in  1877,1  pointed  out  that  the  fossils  of  this  bed  do  not 
represent  the  fauna  of  the  Upper  Greensand  of  the  west  of  England, 
and  he  rightly  regarded  it  as  the  basal  part  of  the  Chalk  Marl,  calling 
it  the  zone  of  Stauronema  Carteri.  We  agree  with  him,  and  con- 
sider it  to  be  the  stratigraphical  equivalent  of  the  Chloritic  Marl  of 
the  Isle  of  Wight,  as  already  defined  and  restricted. 

The  Chalk  Marl  has  so  long  been  used  as  a  name  for  the  lowest 
part  of  the  Lower  Chalk,  wherever  tliat  is  of  a  marly  natui^e,  that 
it  would  have  been  convenient  to  retain  this  name,  if  it  were  possible 
to  define  it  so  as  to  connote  a  definite  subdivision  of  the  formation 
even  though  it  might  not  wholly  consist  of  marly  chalk. 

Where  the  Tofternhoe  Stone  exists  this  can  be  done,  because  the 
Ijase  of  that  stone  can  Ije  taken  as  the  upper  limit  of  the  Chalk  Marl, 
but  this  is  not  very  satisfactory,  for  the  following  reasons.  In  the 
counties  of  Norfolk,  Lincoln,  and  York,  the  beds  consist 
principally  of  rather  hard  greyish  chalk,  and  contain  httle  which  is 
lithologically  "chalk  marl."  Again,  where  the  Tottemhoe  Stone 
is  absent,  as  it  is  over  the  whole  of  the  south  of  England,  there  is 
seldom  any  definite  line  which  can  be  taken  as  the  limit  of  the 
Chalk  Marl,  if  this  were  regarded  as  a  lithological  subdivision, 
apart  from  any  consideration  of  the  distribution  of  fossils. 

The  TottemJioe  Stone  is  another  portion  of  the  Lower  Chalk 
which  has  well-marked  lithological  characters,  but  does  not  extend 
all  over  England.  It  takes  its  name  from  the  village  of  Totternhoe, 
near  Dunstable,  where  it  has  long  been  worked  as  a  building-stone. 
It  is  a  rough-feeling  grey  chalk,  lookmg  and  feeling  as  if  it  was 
vety  sandy,  but  microscopical  examination  has  shown  that  this 
roughness  is  not  due  to  the  presence  of  quartz-sand,  but  to 
the  large  prc^rtion  of  small  bits  of  broken  shell  which  it  con- 
tains. Its  texture  is  compact  and  even  grauied,  so  that  it  works  as 
a  freestone,  and  it  lies  in  thick  beds,  so  that  large  blocks  can  be 
raised  and  cut  into  any  shape.  At  its  base  there  is  generally 
a  layer  of   green-coated  calcareo-phosphatic  nodules,  and    small 

*  Oq  the  Upper  Greensand  or  Chloritic  Marl  of  Cambridge.  Proc.  Geol 
Aasoc.,  Vol.  iii.  No.  1.  p.  1  (1873). 

•    t-See  Quart.  Jour  a.  Geol.  Soc.»  Vol.  xxxi.  p.  256  (1875). 

X  Quart.  Journ.  Qeol.  Soc.»  Vol.  xzxiii.  p.  434. 
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fragments  of  brown  phosphate  are  frequently  scattered  through 
the  stone.  Fossils  are  generally  fairly  abundant  in  it,  especially 
Rhifnchandla  TnanteHiaTUiy  Kingena  lima,  Pecten  orbicularis, 
Pecten   fissicosta,  and  Serpula  umbonata. 

The  Totternhoe  Stone  does  not  exist  in  the  southern  counties, 
and  has  not  yet  been  discovered  in  Wiltshire.  It  appears  to  set  in 
as  a  thin  bed  in  Berkshire,  continues  thence  thi-ough  Oxford  and 
Bucks,  swells  out  to  its  greatest  thickness  (15  or  20  feet)  in  the 
counties  of  Bedford,  Hertford,  and  Cambridge,  and  thins  again 
through  Suffolk  and  Norfolk,  till  it  is  only  2  feet  thick  at  Hunstan- 
ton. At  that  place  it  is  a  hard  dark-grey,  gritty-feeling  stone,  with 
the  usual  nodules  at  the  base.*  In  this  form  it  occurs  throughout 
lincolnshire  and  Yorkshire,  where  it  was  first  identified  by  Mr. 
W.  Hill  in  1888,f  ite  recognition  there  having  been  made  feasible 
by  the  discovery  of  its  existence  at  Hunstanton  in  1886. 

Grey  Chalk  is  another  name  w  hich  has  been  used  for  a  portion  of 
the  Ijower  Chalk.  William  Phillips  (in  1818)  seems  to  have  been 
the  first  to  have  employed  this  as  a  name  for  a  definite  subdivision, 
and  he  applied  it  to  all  the  greyer  part  of  the  Low^er  Chalk  near  Dover, 
dow^n  to  its  base,  estimating  the  thickness  of  such  "  Grey  Chalk  " 
at  200  feet  (see  ante,  p.  3).  Phillips's  account  was  reprinted 
in  Conybeare  and  Phillips's  Geology  (1822),  and  on  page  104  there 
is  a  note  that  "  this  bed  oj  grey  chalk  might  more  properly  be 
designated  chalk  marie,"  showing  that  they  regarded  them  as 
synonymous  terms. 

Most  subsequent  writers  preferred  to  use  the  name  Chalk  Marl 
for  thLs  and  the  equivalent  l^eds  elsewhere,  and  the  latter  name  was 
eventually  adopted  in  the  Memoira  of  the  Geological  Survey.  It  is 
important  to  reniemljer,  however,  that  up  to  1877  no  definite  dis- 
tinction existed  between  Clialk  Marl  and  Grey  Chalk,  and  that 
fossils  recorded  as  obtained  from  the  "  Grey  Chalk  of  Folkestone  ''J 
might  equally  well  have  been  described  as  coming  from  the  Chalk 
Marl.  Mr.  Whitaker  testifies  to  the  identity  of  the  two  things  in 
his  "  Geology  of  the  I^ndon  Basin,"  p.  32  (1872). 

Mr.  F.  G.  H.  Price,  however,  writing  in  1877,§  proposed  to  restrict 
the  nam?  Chalk  Marl  to  the  very  lowest  part,  and  to  use  the  term 
Grey  Chalk  for  all  the  rest  of  the  Lower  Chalk  ;  thus  including 
though  apparently  he  did  not  realise  the  fact,  50  feet  of  Phillips's 
"  Chiilk  without  flints."  Following  Mr.  Price,  we  have  in  several 
dift'erent  pulJications  employed  the  name  Grey  Chalk  in  a  similar 
way,  applying  it  to  all  the  l)eds  which  lie  between  the  Totternhoe 
Stone  and  the  marl  with  Actinocamnx  pleiwis. 

This  use  of  the  name  lias  not  proved  satisfactory,  for  the  highest 
part  of  the  Lower  Chalk  is  ahvays  so  nearly  white  that  it  cannot 
with  accuracy  be  called  grey,  and  this  whites  or  whitish  chalk  is 
sometimes  GO  and  even  80  feet  thick. 


*See  Quart.  Journ.  Geol.  Soc.,  1887,  Vol.  xUii.  p.  561. 
t  See  Quart.  Journ.  Geol.  Soc.,  1888,  Vol.  xliv.  p.  325. 
X  e.g.  In  Dr.  Wright's  Monograph  of  the  £chii\oderm8  of  the  Cretaceous 
Formations,  Palseontographical  Society. 
§  See  Quart.  Journ.  Qeol.  Soc.,  Vol.  xxxiii.  p.  431, 
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2.  Division  op  the  Lower  Chalk  into  Zones. 

Since  therefore  none  of  the  lithological  names  hitherto  applied 
to  portions  of  the  Lower  Chalk  can  be  used  without  confusion  or 
inconsistency,  we  are  compelled  to  seek  a  more  satisfactory  method 
of  subdivision  in  the  guidance  of  fossils,  that  is  to  say,  in  the  limita- 
tion of  the  range  of  certain  species.  A  study  of  the  distribution 
of  the  fossils  of  the  Lowei*  Chalk  by  various  observers  at  different 
places  has  certainly  established  the  fact  that  some  species  are  either 
confined  to  oi*  are  much  more  common  in  the  lower  paii; ;  while 
others  are  common  in  the  upper  pai't,  and  in  some  areas  are  con- 
lined  to  tliat  jmrt.  In  this  way  we  get  a  useful  sulxlivision  of  the 
whole  stage  into  two  broad  zones,  or  " assises"  as  the  French  would 
call  them  ;  the  lowest  zone  is  cliaracterised  by  the  presence  of  Ammo- 
nites [Schloeiibachia]  varians  and  Rhynchon4>Ua  grasianu,  the  second 
one  hy  Holaster  s}ihglol)osus,  H oldster  trecensis,  and  Actinocamax 
pterins  ;  Ammonite  [Haploceras]  Austeni  also  occurs. 

The  investigations  made  for  this  Memoir  have  proved  that  the 
guidance  of  these  fossils  is  satisfactory  over  a  large  part  of  England, 
and  further,  that  over  these  areas  the  limits  of  these  two  zones 
coincide  with  the  more  marked  lithological  differences  in  the 
character  of  the  Chalk. 

The  range  of  Ammonites  [SMoenbdchia]  varians,  appears  to  be 
co-extensive  over  the  whole  of  the  English  Cretaceous  area,  i.e., 
the  species  appears  to  have  died  out  or  to  have  become  very  rare 
at  about  the  same  horizon  over  the  whole  region,  and  probably 
throughout  the  whole  Anglo-Parisian  basin,  for  so  far  as  we  can 
ascertain  its  range  is  the  same  over  all  the  northern  part  of  France. 

With  Holaster  sfuhgldyosuSy  however,  the  case  is  different :  its 
range  is  not  everywhere  the  same.  Li  the  south-east  of  England, 
and  thence  westward  to  Wiltshire  and  northwards  through  th6 
counties  of  Berkshire,  Oxford,  Bucks,  Bedford,  Herts,  Cambridge, 
and  Suffolk,  it  is  very  rarely  found  in  association  with  Am.  [Schloen- 
hachia\  varians ;  but  is  often  abundant  in  the  massive  grey  chalk 
which  forms  the  central  part  of  the  Lower  Chalk.  Further  north, 
however,  it  ranges  downward  to  the  base  of  the  Chalk,  and 
consequently  ceases  to  be  of  any  value  as  an  index-fossil.  In  Dorset 
and  Devon,  again,  it  is  also  foimd  at  the  very  base  of  the  formation 
in  association  with  Am.  \Schloefnbaxihia\  varians  and  other  fossils  of 
the  lower  zone. 

In  the  Isle  of  Wight  it  occurs  occasionally  in  the  lower  beds^ 
but  much  more  frequently  in  the  higher  zone,  so  that  it  can  still 
be  taken  as  an  index-fossil. 

So  far  as  we  know  at  present  there  is  no  species  which  is  restricted 
to  the  upper  part  of  the  Lower  Chalk,  and  is  at  the  same  time  com- 
mon enough  ixx  every  district  to  be  a  iiseful  index.    It  is  more  con* 
4219,  ]3 
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venient,  therefore,  to  retain  Hdnster  subglobosus  as  the  index  of  the 
normal  or  more  prevalent  aspect  of  the  zone  and  to  choose  other 
species  for  indices  in  the  other  areas.  In  the  counties  of  Lincoln- 
shire and  Yorkshire  we  may  adopt  Off  aster  splnBricus*  which  is 
not  uncommon  in  the  higher  beds,  is  rare  in  the  lower,  and  has 
not  yet  been  found  in  any  other  part  of  England. 

In  Dorset  fossils  are  very  scarce  in  the  higher  beds,  and  Holaster 
stifxjlalfosus  has  not  l)een  found  in  them,  but  a  few  specimens  of 
Hiii,  trecensis  have  been  obtained,  and  in  this  countv  the  zone  may 
temjwrarily  be  indicated  under  the  name  of  H.  trecensis. 

We  ai"e  now  in  a  position  to  give  a  general  account  of  the  two 
primary  subdivisions  or  zones  of  the  Ixiwer  Chalk. 

1.  Zone  of  Ammonites  varians.— This  zone  varies  con- 
siderably in  lithological  character ;  in  some  districts  it  consists 
largely  of  soft  marly  and  more  or  less  argillaceous  chalk  (the  Chalk 
Marl  of  older  writei-s),  but  generally  these  marly  beds  alternate 
with  coui*8es  of  liard,  grey  chalk,  and  in  the  moi-e  northern  counties 
it  consists  entirely  of  more  or  less  hard  chalk  >vith  only  thin  seams 
of  marl.  In  Berkshire  and  Wiltshire  it  contains  beds  of  compact 
siliceous  chalk,  which  sometimes  contain  nodules  or  concretions 
of  impure  tlint ;  while  in  Dorset  it  appeara  to  pass  into  a  firm  homo- 
geneous and  whitish  clialk  which  encloses  siliceous  concretions 
with  nuclei  of  true  flint. 

Where  the  zone  of  Am.  mrians  is  well  developed  and  well  ex- 
posed, as  at  Folkestone  and  in  the  Isle  of  Wight,  certain  subasones 
may  be  distinguished  in  it.  In  these  localities  the  basement  l)ed, 
commonlv  called  the  Chloritic  MarL  but  more  aceiTatelv  the 
"  band  "  of  Stauronema  Carteri,  is  reallv  a  subzone  of  the  more  com- 
prehensive  zone  of  Ammonites  varians.  Alx>ve  this  some  WTiters 
liave  i^ecognised  a  band  of  Plocosn^phia  lalm)sa  (=P.  mceandrina). 
Locally  also  c«*tain  species,  such  as  Scaphites  (pqualis  and  Tere- 
hratulimi  114x1  uhtsit,  are  confined  to,  or  specially  abundant  at,  cer- 
tain higher  horizons,  and  might  be  used  as  indices  of  local  bands 
or  subzones ;  the  geographical  extension  of  such  subdivisions  being, 
of  course,  very  much  moi-e  limited  tlian  that  of  the  inclusive  zone. 

Over  a  certain  jKjrtion  of  the  British  area,  i,e,,  from  Yorkshire 
southwai-d  as  far  as  the  Thames  Vallev  and  a  little  wav  into  Berk- 
shire,  this  zone  is  marked  off  from  that  above  bv  a  bed  which  has 
received  a  special  name,  the  Totfernhoe  Stone  (see  p.  187).  TMiere 
this  stone  does  not  exist  there  is  a  gradual  passage  from  the  one 
tone  to  the  other,  but  wherever  the  fossils  have  been  carefully  col- 
lected fi-om  below  upward,  there  is  alwa^-s  an  horizon  beyond  which 

*  This  Echinoderm  was  described  under  the  name  of  HoUuUr  rohmdrnt 
in  188S  (see  Quart.  Journ.  Geol.  Soc.,  Vol.  xliv.  p.  364^  but  it  proves 
ID  be  identical  with  that  described  bj  Sdiliiter  in  lB6d,  and  named 
Off  otter  tphtericui* 
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Am.  [SclUoeiilHichia]  variaTis  does  not  seem  to  occui%  and  in  those 
districts  where  the  lower  beds  consist  mainly  of  marly  chalk  (or 
"Chalk  Marl")  the  disappearance  of  Am.  varians  coincides  with 
the  horizon  at  which  the  Chalk  Marl  passes  into  more  massive 
Grev  Chalk. 

The  above  description  appUes  only  to  those  districts  where  the 
zone  of  Arn/numites  varians  really  consists  of  chalk,  or  chalk-marl 
On  the  coast  of  Devon,  however,  we  find  a  deposit  which  occupies 
the  place  of  this  zone,  and  contains  most  of  its  characteristic  fossils, 
with  many  others  which  are  peculiar  to  it,  but  this  deposit  is  litho- 
logically  very  different,  being  partly  a  calcareous  grit  or  quartz- 
sand  cemented  by  calcite  and  partly  a  quartzifers  limestone.  Tlie 
palseontological  relations  of  these  remarkable  beds  were  discussed 
in  1896,*  when  it  was  suggested  that  they  might  be  known 
as  the  zone  of  Ammonites  Mantdli,  a  species  which  is  rather  more 
common  in  them  than  Am.  varians.  We  regard  them  as  bearing 
the  same  relation  to  the  Chalk  Marl  of  eastern  England  as  the  typical 
Ceiwmanian  of  La  Sarth^does  to  the  /Zo^oTw^^inand'^craieglau- 
conieuse/*  of  northern  and  north-eastern  France. 

2.  Zone  of  Holaster  subglobosns.— The  upper  part  of  the 
Lower  Chalk  maintains  a  certain  lithological  type  over  a  larger 
area  than  the  lower  zone  of  Ammonites  varians  does,  although 
some  differences  make  themselves  apparent  when  it  is  traced  into 
Lincolnshire  on  the  one  hand  and  into  the  Isle  of  Wight  on  the  other. 

Where  the  Totternhoe  Stone  is  present,  we  regard  it  as  the  base- 
ment of  this  zone,  but  in  the  south  of  England,  where  the  Tottern- 
hoe Stone  is  absent,  the  lower  limit  of  this  zone  is  somewhat  indefi- 
nite ;  the  marly  chalk  of  the  Ammonites  varians  zone  passes 
gradually  into  firmer  and  more  massive  or  blocky  grey  chalk,  and 
where  this  change  takes  place  Am.  variant  becomes  rare,  while 
Holaster  subglobostis  generally  becomes  conunon  together  with 
HdaMer  trecensis,  Discoidea  cylindrica,  and  spines  of  Cidaris 
Boicerbanki. 

This  grey  chalk  is  succeeded  by  firm  blocky  chalk,  which  is  nearly 
white,  and  in  which  fossils  are  so  rare  that  in  W.  Phillips's  excel- 
lent description  of  the  Chalk  of  Dover,  written  in  1818,  it  is  denomi- 
nated as  "  chalk  without  flints  and  with  few  organic  remains."  The 
change  from  grey  to  white  is  alwa>3  rapid,  even  when  there  is  no 
marked  plane  of  division  between  the  two ;  but  sometimes  they  are 
di\'ided  by  a  bed  with  special  lithological  characters,  such  as  a  layer 
of  hard  yellowish  nodular  lumps,  or  by  a  bed  of  hard  grey  chalk 
somewhat  resembling  Totternhoe  Stone.  Such  a  bed  of  grey  chalk 
occurs  near  Tring  and  is  locally  known  as  "  rag,'' 

This  type  of  partly  grey  and  partly  white  chalk  extends  over  the 
whole  of  eastern  England  from  Kent  to  Wiltshire  and  from  Wilts 


*  See  Quart.  Jouro.  (ieoL  Soc,  Vol.  UL  p.  99. 
4219.  B  2 
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to  Norfolk,  but  with  much  variation  in  the  relative  thickness 
of  the  differently  tinted  portions,  as  well  as  in  the  total  thickness 
of  the  zone.  When  it  is  traced  to  the  south-west,  however,  and 
studied  in  the  fine  cliff  sections  of  the  Isle  of  Wight,  we  find  that 
the  whole  of  tliis  zone  of  Holaster  svbglobosus  consists  of  white  or 
whitish  clialk ;  moreover  H.  svhglobosus  and  H.  trecenais  may  be 
found  readily  up  to  the  very  top  of  it.  We  did  not  observe  any 
change  nor  any  means  of  separating  the  lower  from  the  upper  part. 

This  massive  wliite  chalk  extends  westward  through  Dorset, 
but  at  the  same  time  becomes  much  less  foesiliferous,  though 
an  occasional  Holaster  trecensis  mav  be  found,  and  here  the  zone 
is  best  indicated  by  this  species,  for  Holaster  sub<jM)osu8  is  much 
more  abundant  at  the  base  of  the  Chalk  in  Dorset.  In  West  Dorset, 
where  the  chalk  of  the  Am.  varians  zone  also  becomes  White  and 
massive,  it  is  quite  impossible  to  draw  any  line  between  one  zone 
and  the  other,  though  we  believe  both  are  represented. 

In  Lincolnshire  and  Yorkshire  this  part  of  the  Lower  Chalk  has 
a  rather  different  asi3ect.  The  lower  part  of  it  consists  of  leather 
liard,  rough  and  lumpy,  greyish-white  chalk  in  regular  beds,  sepa- 
rated by  thin  layers  or  seams  of  grey  marl,  and  in  some  places  a 
portion  of  about  G  or  7  feet  in  thickness  is  colom^ed  bright  pink. 
The  upper  beds  consist  of  smoother  and  more  compact  whitish 
chalk,  and  a  similar  portion  near  Louth  is  coloured  pink  or  yel- 
lowish pink. 

Holaster  subglobosus  is  not  uncommon  in  these  beds  both  in  York- 
shire and  Lincolnshire,  but  is  equally  common  in  the  zone  of  Am- 
monites varians,  so  that  it  will  be  more  convenient  to  take  Off  aster 
aphcericus  as  the  index  of  the  upper  zone  in  these  counties  ;  we  may 
then  speak  of  the  zone  of  Off  aster  sphwricus  as  the  equivalent  of 
the  zone  of  Holaster  siihglohosus. 

At  the  top  of  the  zone  of  Holaster  subglobosus  there  are  almost 
everywhere  some  beds  of  grey  marl  wliich  frequently  contain  Acivrvo- 
camax  plerius,  and  have  sometimes  been  called  a  zone,  but,  strictly 
speaking,  they  do  not  constitute  a  zone,  and  have  no  distinct  zonal 
fauna.  They  may  be  regarded  as  a  subzone,  but  it  is  seldom 
that  many  fossils  occur  in  them,  and  we  sliall  prefer  to  speak  of 
them  as  the  Belemnite  Beds  or  Marls. 

This  band  is  generally  a  very  narrow  one,  often  only  3  or  4  feet 
thick,  but  in  some  places,  as  at'  Beachy  Head  and  in  South  Dorset, 
it  expands  to  15  or  16  feet.  Its  lithological  characters  are  remark- 
ably constant,  and  palseontologically  it  is  well  characterised  by 
the  presence  of  Actinocamax  plenus,.  It  is  traceable  from  Dover  in 
the  south-east  to  Cheddington  in  the  west  of  Dorset,  and  from  the 
Isle  of  Wight  in  the  south  to  Speeton  in  Yorkshire  in  the  north ; 
the  only  exception  to  its  continuity  being  the  north-west  of  Nor- 
folk, where  it  cannot  be  distinguished  with  certainty. 
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It  coDflists  either  entirely  or  very  largely  of  grey  shaly  marl,  8ome- 
timeB  greenish-grey  and  sometimes  yellowish  or  buff  coloured ; 
but  over  a  large  area  this  marl  is  divided  into  two  layers  or 
courses  by  a  bed  of  hard  white  compact  chalk,  and  in  some  few 
places  it  contains  a  kind  of  chalk  conglomerate  which  consists  of 
rounded  lumps  of  hard  white  chalk  embedded  in  a  grey  marly 
matrix. 

The  fauna  of  these  beds  is  not  a  large  one,  and  the  fossils  are  a 
mixture  of  Lower  and  Middle  Chalk  species,  making  it  evident 
that  the  deposits  were  formed  during  an  epoch  of  transition  from 
one  set  of  conditions  to  another.  One  ajjecies  {likxfihclioneU^i  plir 
cafUis)  has  not  yet  been  found  below  the  Chalk  llock  except  at 
this  horizon  ;  the  typical  form  of  Inoceramus  mytUi/ides  makes  its 
appearance  here  also,  but  Holaster  trecensis  is  present,  Scaphites 
cequcUis  has  been  found  in  Dorset,  and  Actiiiocaviax  pleiixis  is  a  Lower 
Chalk  species  which  here  attains  its  largest  size  and  most  abundant 
development.  This  Belemnite  is  not  to  be  found  in- every  small 
exposure,  but  is  fairly  common  in  some  localities,  especially  in 
the  southern  and  midland  counties. 

The  lower  band  of  shaly  marl  sometimes  rests  on  a  slightly  uneven 
surface  of  hard  white  chalk,  and  in  some  localities  a  certain  amoimt 
of  chalk  seems  to  have  been  removed  by  erosion  before  the  deposi- 
tion of  the  marl.  It  might,  therefore,  seem  more  natural  to  regard 
this  zone  as  the  base  of  the  Middle  Chalk  instead  of  the  uppermost 
part  of  the  Lower  Chalk:;  but  too  much  weight  must  not  be  given 
to  small  physical  breaks  of  this  kind,  especially  when  they  are  found 
to  be  local,  and  are  not  accompanied  by  a  great  change  in  the  fauna. 
There  are  large  areas  in  wliich  there  is  a  complete  passage  from  the 
firm  white  beds  of  the  Lower  Chalk,  tlu'ougli  grey  marly  chalk,  into 
the  Belemnite  Mark.  Further,  in  its  minute  structure,  the  white 
chalk  of  this  zone  resembles  that  of  the  Chalk  below,  and  differs 
from  that  which  overlies  it. 

The  lithological  characters,  the  fossil  contents  and  the  strati- 
graphical  relations  of  this  zoue  combine  to  prove  that  it  was  formed 
at  a  time  of  change  when  erosion  was  more  prevalent  than  deposi- 
tion ;  when,  in  fact,  the  bottom  of  the  Ci-etaceous  sea  was  swept 
by  currents  which  were  in  some  places  strong  enough  to  break  up 
and  wash  away  jmrts  of  previously  existing  beds. 

Reviewing  the  English  JiOwer  Chalk  as  a  whole,  we  may  remark 
in  the  first  place  that  it  is  a  clearly  defined  formation,  well  marked 
off  in  most  districts  both  from  the  underlying  and  overlying  strata. 
In  several  areas  its  basement  bed  rests  on  an  eroded  surface  of  the 
Gault  or  Greensand,  and  even  where  there  is  a  passage  from  Green- 
sand  to  Chalk,  the  beds  about  the  grouping  of  which  any  doubt  can 
be  felt  are  only  2  or  3  feet  thick. 

In  respect  of  thickness,  the  Lower  Chalk  varies  much  ;  it  attains 
its  greatest  development  in  Wiltshire,  where  it  is  not  less  than 
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250  feet  thick  ;  thence  it  thiiis  northward,  till  in  West  Norfolk  it  is 
less  than  60  feet  thick,  though  it  expands  again  to  130  feet  on  the 
Yorkshire  coast.  From  Wiltshire  eastward  it  maintains  a  thick- 
ness of  over  200  feet  through  Hants  and  Surrey,  and  is  not  less 
than  190  feet  in  the  east  of  Kent.  Southward,  at  Culver,  in  the 
Isle  of  Wight,  it  is  still  over  200  feet,  but  it  thins  rapidly  westwartl, 
and  in  some  parts  of  Dorset  it  is  not  more  than  80  feet  thick,  though 
probably  on  the  average  about  100  feet  in  the  north-west  of  that 
county. 

Where  most  clearly  and  fully  developed,  then,  the  Lower  Chalk 
is  made  up  of  the  sexeral  members  shown  in  Fig.  1. 
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Fig  1. —Tabular  view  of  the  component  parts  of  the  Lower  Chalk 

in  districts  north  of  the  Thames. 


Comparative  views  of  the  development  of  the  Lower  Chalk  in  different 
parts  of  the  country  are  given  on  piaige  23,  and  at  the  end  of  the  volume 
(page  558). 
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LowEB  Chalk  Fossils. 

Fio.  3— Am.  [Acanthoceraa]  rotomagensiB,  Brongn.  (halt  nat  size).    3a,  side 
view  ;  3ft,  froDt  view. 
„    4 — Turrilites  costatus,  Lam.  {tteo-thirds  cat  size). 

fi— Tunilitea  Morrisi,  Sharpe  (nat.  size), 
„    6— Scaphites  lequalis,  Sow.  (nat.  size). 

7-  Unicardium  ringnieriense,  MaM.  (nat.  size) 
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3.  Fossils  of  the  Lower  Chalk. 


The  fauna  of  the  Lower  Chalk,  as  a  whole,  comprises  a  very  diffe- 
rent  assemblage  of  species  from  that  which  is  found  in  the  Gault  of 
Folkestone  or  in  that  part  of  the  Upper  Greensand  which  represents 
the  Upper  Gault ;  in  other  words,  it  differs  much  from  the  fauna 
which  is  eaaentisMySdhomian,  Acertain  number  of  species,however, 
which  make  their  first  appearance  at  the  top  of  the  zone  of  Pederi 
asper  become  more  abundant  in  the  Lower  Chalk,,  and  some  species 
like  Peden  orbicularis  and  Lima  ylobosa  range  up  from  the  Gault 
itself ;  so  that  there  are  many  links  between  the  one  fauna  and 
the  other. 

The  following  is  a  brief  resmne  ot  the  fauna  of  the  Lower  Chalk, 
with  lists  of  the  commoner  and  most  characteristic  fossils  of  this 
stage:— 

Reptilia,-- Ichthyosavrus  campylodon  and  Polyptydiodon  inter- 
ruptiLS  range  up  from  the  Gault,  and  are  not  uncommon  in  the 
Lower  Chalk.  A  remarkable  Dinosaur,  Acanthopholis  horriduSy 
also  occurs,  and  the  tooth  of  an  IgiuinocUm,  foimd  by  Mr.  W.  Hill 
near  Hitchin,  proves  that  this  genus  also  continued  to  live  on  the 
land  areas  which  bordered  the  Cretaceous  seas. 

Pisces.— Remains  of  Fishes  are  common  in  Lower  Chalk,  but 
generally  in  the  form  of  teeth.  The  crushing  palatal  teeth  of  Pfyduh 
diL8  often  occur,  the  commonest  species  being  Pt,  decurrens,  lliey 
are  sometimes  called  "  fossil  slugs ''  by  quarrymen.  Teeth  of  various 
Sharks,  such  as  Lamna  appendicular,  Oxyrhina  Ma/ntdli,  Corax 
falcatus,  and  Notidanus  microdon  frequently  occur,  but  all  these 
species  range  up  into  the  Upper  Cha&.  Of  Teleostean  Fishes, 
Beryx  (Ctenothrissa)  microcephalus  and  Haplopteryx  lewesiensis 
may  be  mentioned. 

Cephalopoda.— These  became  very  abundant,  and  a  large  number 
of  species  belonging  to  many  genera  have  been  found  in  the  Lower 
Chidk ;  they  are,  however,  much  more  abimdant  in  the  lower 
than  in  the  higher  beds  of  the  stage.  The  following  list  comprises 
the  conunoner  and  more  important  species,  and  shows  their  range, 
so  far  as  it  is  at  present  known,  the  letter  c  indicating  that  the 
species  is  common,  r  that  it  is  rare,  and  a  +  that  it  is  moderately 
common. 
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pienos^Btaiiir.lTig.  lOi      -        -        -  e 

Xaotilai    atfac,  Wkilmoa       .....+ 

ckgrnoi,  S^/v. <- 

^         expansuL  S>*r. + 

,,         dgJongrhamfiMnui,  d'Orh.     .        .        -  c 

inifals*Tig)atitf.  <rOr^. -»-  + 

Anioxiiiitee  rHaplmnL^f  Au^tenL  Sharpe  (Fig.  t^)  r  c 

^Aeanthoeer&si  cenomanenaeL  (TAroft.  -  +         + 

rHoplhee)  fakatus,  Jfan/.     -  + 

>  var.  curratue.  Sour.  -  + 

>  leweaenw,  Mani.-       -        -  + 
Acaotiiocerafi)  MantelU,  Scnr.        •        -        c  r 

)  navieularv.  Ma  mi.-  c  r 

lratomageiigtfyiT>r6^Fig.3>  c  c 

•Sckloenbachia)  varian*,  Sewr.  (Rg.  *^)   -  c  t 

)  Coupei,JBroii^ii.     -        -  c  r 

Scaphites  a^ualiB,  &nr.  (Fig.  6)        -        -        -        -  c  r 

Uamita  armatoB,  Sew.  (Anisooeni^)       •        -        -  + 

.,        siinplez,  <f 'Or6. + 

Baeuiitw  baculoides,  J/an/. c 

Turrilitas  oostatuB,  Lam.  (Fig.  4)        .        .        .        .  c 

Morriai,  Sharpe  cFig.  5)   -  -  c 

,,        scheuchzerianua.  Bote.       -       -  *  i  ^ 

tuberculatuB,  fioir. «  e 

Wierti,  Sfcof^w + 

G  ASTEBOPODA  are  not  generally  common,  but  some  ppecieB  occur  in 
the  Chkiritic  Mari  and  in  the  local  basement  beds  of  the  Lower  Chalk, 
and  abo  at  a  certain  hcn-izon  about  46  feet  above  the  base  near 
Foikeatone.    The  oommcmer  specieB  are:— 

Aporrhais  ICantelli,  Gardner 

„        oligoehila,  Gardner 
Avellana  cassis,  d'Orb. 
Gerithium  omatisBimum  DeA. 
Dentalium  majus,  Gardner 
Emarginula  Gresslyi,  Pictet 
Fleurotomaria  brongniartiana,  d*Orh. 

cassisiana,  d'Orb. 

perspectiva,  Mant. 
Solarium  bicarinatum,  T lessen  (Fig.  12"^ 
Turbo  roUxnagensis,  d'Orb. 
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LowEB  CuALK  Fossils. 

Fio.  8 — Ammonitee  [Haploceros]  Austeni,  Sharpe  (twrj-tbitds  nat.  size). 
„    9  —  Ammonites   [ScKloenbachia]    varians.  Sow.  (nat  size).    9a,  side 

view  ;  9i,  front  view. 
„  10— Actinocamax  planus,  Blainv.  (nat.  size).     lOn,  side  view  ;    106, 

apical  view, 
„  11— Avellana  caasiH^  ^Orb.  iv&t.  size). 
„  18— Solarium  bicarmatum,  Tietien  (nat  size). 
„  13— Bhynchonella  mant«]liana,  Smo.  (nat.  size).     13",  dorsal  and  136, 

front  view. 
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Fio  14— Holftster  eubglobosus,  iMke  (nat  size),      l^i,  apical  \ 

146j  side  view. 

„     IG — Discotdea  cylindrica,  Lavi.  (large  specimen,  nat.  size). 
„    16— Holaater  trecensia,  Zeym.  (nat  size,  apical  view). 
„    IT-  TnoceramuB  latus,  irOrb.  non  Afant.  (two-thirds  of  nat.  size). 
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There  are  also  species  of  Soalaria,  Fvsils,  Nadiica,  Turbo,  Trochus, 
TurrUdla,  and  Valuta  ;  the  occurrence  of  the  Valuta  being  interest- 
ing as  the  earUest  recorded  appearance  of  the  genus  in  England. 

Lamellibranchiata  are,  as  usual,  common  fossils.  Several  species, 
such  as  Ostrea  frons,  0.  vesicularis,  Pecteri  orbicularis,  P.  (Neithea) 
quiiiquecostatus,  Lima  globosa  (Fig.  18),  Auceliina  gryphceoides, 
and  Plicatula  pectinoides,  range  up  from  tl\e  Selbornian. 
Species  more  distinctive  of  the  Lower  Chalk  are  the  following  :  — 

Cuculloea  mailleana,  d'Orb. 

Exogyra  haliotoidea.  Sow, 

Inoceramus  latus,  d,Orb.  non  Mant,  (Fig.  17). 

cuneiformis,  d'Orb. 

striatus,  How. 
Lima  aspera,  Mant,     (Fig.  19.) 
Pecten  Beaveri,  Sou\  (ranges  up). 

„     elongatus,  Ijam.  (=  cretosus,  Goldf.) 
Radiolites  Mortoni,  Mant.  (ranges  up).  j 

Pholadomya  decussata,  Phil, 
Unicardium  ringmeriense,  Mant, 

Brachiopoda.— These  also  form  an  important  element  in  the 
fauna  of  the  Lower  Clialk,  and  the  following  are  of  common 
occurrence:— 

Kingena  lima,  Defr,  (ranges  from  Ga,ult). 
Rhvnchonella  Martini,  Mant, 

mantelliana,  Sow.  (Fig.  13). 
grasiana,  d*Orb, 
Terebratula  semiglobosa,  Sint).  (ranges  upward). 

biplicata  Sow.  (i-anges  from  Gault). 

sulcifera,  Morris. 

squamosa.  Sow, 
Terebratulina  triangularis,  Eth, 

nodulosa,  Eth, 

striata,  WaM.  (ranges  upward). 
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Bryozoa  are  not  generally  common  in  the  Lower  Chalk,  though 
some  adherent  species  may  be  found  on  the  larger  shells,  but  in  the 
arenaceous  limestones  of  Devon  they  are  abundant,  though  few  of 
them  have  yet  been  identified  or  named. 

Crustacea.— Of  Decapodous  Crustacea  the  lobster-like  Enopto- 
dytia  are  the  commonest  (E,  brevimana  and  E,  sussexensis), 
Palcega  Carteri  has  been  foimd  at  several  localities,  but  Crabs 
are  rare.  Cirripedes  are  not  uncommon,  Pollidpes  glaber  and 
Sailpdlum  trUineatum  being  those  most  usually  met  with. 

Annelida.— Species  of  SerpuLa  are  common,  S,  annvlata  and 
5,  antiquata  often  occurring,  but  £»,  umbonata  (see  Fig.  22)  is  the 
species  most  characteristic  of  the  Lower  Chalk. 
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Lower    Ciiat.k    Fomsilv. 

Kii;.  18— Lima  globosa,  Sou:  (nat.  hikc). 

„    19— Lima  aai>era,  ,'ioKi.  (iiat.  »ize). 

„    20— Stauroneua  Carteri,  SoUa»  (half  nat.  wize). 

„    21 — Stauroiieiua  Carter!  (mei^h  magnified). 

„    22— Serpula  umbonata,  Scne.  (nat  size).    iZa,  under  suriace ;  22ft, 
upper  surface. 
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EcHiNODKaMATA.— These  are  present  in  great  variety  and  abnn 
dance,  some  of  the  species  being  specially  characteristic  of  the  Lower 
Chalk,  though  many  of  them  make  their  first  appearance  as  rare 
fossils  in  the  very  highest  stratum  of  the  Upper  Greensand.    The 
following  is  a  list  of  the  principal  species  :  — 

Cidaris  Bowerbanki,  Forbes 
„     vesiculosa,  Brongn. 
Discoidea  cylindrica,  Lam.  (Fig.  15) 

„         subuculus,  Klein, 
Echinocyphus  difficilis,  Cott. 
(ialerites  castanea,  Brongn. 
Hemiaster  Morrisi,  Forbes. 
Holaster  lffi\TS,  Delate.  (=  carinatua,  Ag,) 
subglobosus,  Leske  (Fig.  14) 
trecensis,  Leym. 
Offaster  sphaericus,  Schlvt 
Peltastes  clathratus,  Ag. 
Pseudodiadema  ornatuni,  Goldf. 

„  variolare,  Brongn. 

Pentacrinus  Agassizi,  Hag. 
Salenia  Clarki,  Forbes 
Austeni,  Forbes 
petalifera,  Desm. 

AcTiNOZOA.— The  conditions  prevalent  in  the  sea  of  the  Lower 
Chalk  were  unfavourable  to  the  growth  of  Corals,  and  the  only 
common  form  is  a  small  flat  cup-coral,  il/ocroftocia  coronvla ;  another 
very  small  and  elongate  coral,  Onehotrodius  serperUinus,  is  also  of 
occasional  occurrence. 

Spongida.— The  remains  of  siliceous  sponges  are  very  abundant 
in  some  localities,  Cratictdaria  Fittoni  and  Plocoscyphia  labrosa 
sometimes  forming  reef-like  layers  in  the  lower  part  of  the  Lower 
Chalk.    The  following  are  some  of  the  commoner  species  :— 

Craticularia  Fittoni,  Mant. 

Heterostinia  obliqua,  Benett 

Nelumbia  tuberosa,  Hinde 

Phjonatella  intumescens,  Roem. 

Placotrema  cretaceum,  Hinde 

Plocoscyphia  labrosa,  Smith 

Siphonia  ficus,  Goldf. 

Strephinia  convolute,  Hiruh 

Stauronema  Carteri,  Sottas  (see  Figs.  20  and  21). 

The  last-mentioned  is  specially  characteristic  of  the  true  Chloritic 
Marl,  and  does  not  range  far  above  that  bed. 
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CHAPTER    III. 


FHE    LOWER    CHALK    OF    THE    KENTISH    COAST. 


General  Description. 

We  propose  to  commence  oui'  detailed  stratigraphical  account 
of  the  Lower  Clialk  with  the  section  exposed  in  the  cHffs  between 
Folkestone  and  Dover,  because  this  section  is  easily  accessible;  it 
has  been  ah'eady  descriljed  by  several  writers,  and  the  fossils  have 
been  collected  from  its  several  portions  (zones  and  subzones.) 

The  earliest  description  is  that  by  William  Phillips  in  1818  (Trans. 
Geol.  Soc.,  Vol.  V.  Pt.  1,  p.  16),  who  recognising  the  difference  in 
oolom'  between  the  upper  and  lower  portions  of  w^hat  we  now  know 
as  Lower  Chalk,  called  the  lower  part  "  Grey  Chalk,'*  and  classed 
the  upper  as  part  of  his  "  Chalk  without  flints.'*  To  the  upper 
he  assigns  a  thickness  of  about  50  feet,  and  correctly  describes  it 
as  having  few  organic  remains,  and  states  that  it  is  separated  from 
the  hard  massive  chalk  above  by  a  band  of  soft  marl.  The  thickness 
of  the  Gi'ey  Chalk  he  estimates  at "  not  less  than  200  feet,**  which  is 
more  than  its  real  thickness,  but  he  does  not  seem  to  have  recog- 
nised the  existence  of  the  "  Greensand  *'  betw^een  it  and  the  Gault, 
and  consequently  he  does  not  fix  its  base.  He  remarks  that  where 
the  Grey  Clialk  first  rises  from  the  beach,  "  its  separation  from  the 
Chalk  without  flints  is  not  at  tliat  place  perfectly  defined ;  in  less 
than  a  quarter  of  a  mile  beyond  this  place  the  two  sti*ata  are  very 
distinct ;  the  white  being  separated  from  the  grey  by  some  very 
thin  beds  of  a  sandy  appearance  and  yellowish  colour." 

We  liave  referred  to  Phillips's  account  more  particularly  because 
it  remained  the  only  description  of  the  section  for  more  than  half  a 
centurv,  and  was  referred  to  bv  Mr.  Whitaker  in  1872  as  "  one  of 
the  best  local  descriptions  (of  the  Chalk)  that  has  been  pub- 
lished." *  Mr.  Whitaker  supplements  this  description  by  a 
few  notes  of  his  own,  remarking  that  the  soft  bed  at  the 
top  is  about  6  feet  thick,  and  contains  Belemnites,  and 
that  the  50  feet  of  chalk  beneath  is  "  thickly  bedded,  breaking 
into  large  blocks."  Of  the  Grey  Chalk  he  says,  "  the  top  seemed 
to  me  fairly  marked  near  Shakespeare's  Cliff  by  the  change 
of  colour,  the  grey  chalk  having  wavy  dark  lines  along  the  bedding. 
Near  the  top  there  is  a  more  massive  bed,  about  8  feet  thick,  which 
at  Hay  Cliff  has  small  hard  projections,  some  being  pjrites,  some 
fossils,  and  others  stony  lumps."    He  also  comments  on  the  "  great 

•  Geology  of  the  London  Basin,  Mem.  Geol.  Survey,  Vol.  iv.  p.  30. 
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tliickiiess  allowed  for  the  Grey  Chalk  "  by  Phillips,  and  thinks  that 
"  more  tlian  the  true  *  Chalk  Marl '  may  have  been  included  under 
that  name.** 

In  1875  MeHsi*8.  Potier  and  de  Lapparent  examined  the  chalk 
cliffs  on  «U'h  side  of  the  Straits  of  Dover  for  the  Channel  Tunnel 
Compiiny.  In  their  report*  they  adopt  Pliillips's  sub-divisions 
and  estimates  of  thicknesses,  but  his  "  Grev  Clialk  "  thev  divide  into 
two  **  assises  ;  "  the  upper  assise  they  number  VI.  and  describe  as 
*  argillaceous  chalk  of  a  dark  bluish-grey  colour,  rather  pyritous, 
Gomi)act ;  the  upper  part  is  i-ather  haixi  but  cuts  smooth  under  the 
hiunm«?r  (se  pjlit  sous  le  marteau) :  some  yellowish  Ijeds."  The 
lower  assise  (VII.)  is  described  as  "  clialk  of  a  mther  lighter  bluish- 
grey,  argillaceous  throughout,with  some  harder  sandy  beds.'' 

They  give  45  metres  as  the  thickness  of  No.  VI.,  and  assign 
15  metres  to  No.  VII.,  but  it  is  evident  tliat  these  figui^es  are 
merely  estimated  projx^rtions  of  Phillijis's  200  feet,  and  that  they 
did  not  meiisui'e  the  l^eds  themselves. 

Professor  Ch.  liarrois  brieflv  described  the  Folkestone  section 
in  ISTi),!  but  with  the  exception  of  separating  what  he  then  con- 
sidered to  be  "  Chloritic  Marl,"  he  does  not  make  any  division  of  the 
Lower  Chalk,  classing  all  as  the  ''assise  k  Holaster  suljglobosus." 
He  refers,  however,  to  the  di\isions  of  Messrs.  Potier  and  de  La])- 
parent  and  comi>ares  these  \\ith  the  pakeontologiail  zones  which 
he  had  himeslf  established  in  the  Boulonnais,  correlating  them  as 
follows:  — 

V.  of  Potier  and  de  Lappaf  ent=zone  of  Belemnites  plenus.       .  . 

VI.  „  „  =zone  of  Am.  rotomagensis. 
Vn.       „                 „               =zone  of  Am.  varians. 

In  1877  Ml'.  F.  G.  H.  IVice  made  a  still  more  detailed  study  of 
the  section  and  employed  GriflSths,  the  local  collector  of  foeeils, 
to  collect  systematically  from  every  portion  of  the  Lower  Chalk. 
Mr.  Price  remeasured  the  section,  and  found  the  total  thickness 
from  the  base  of  the  so-called  "  Greensand  "*  to  the  top  of  the  "  13elem- 
nite  Marl  "  to  be  197  feet.  He  divided  the  whole  into  seven  "  beds," 
which  are  essentially  palaeontological  subdivisions  based  on  the 
results  of  his  fossil-collecting,  but  are  not  suljzones  of  eijual  |>alfleon- 
tological  value. 

In  this  paper  Mr.  Price  proposes  to  make  a  distinction  iMween 
Chalk  Marl  and  Grey  Chalk,  but  he  only  takes  the  lowest  10  feet 
of  the  Grey  Challv,  and,  grouping  them  with  the  underlying  marly 
Greensand,  calls  the  ensemble  Chalk  Marl.  On  the  other  hand,  he 
takes  the  Griey  Chalk  up  to  the  top  of  the  Belenmit«  band,  and 
thus  includes  much  more  than  eitiier  Phillips  or  Whitaker  had 
regarded  as  Grey  Cludk. 


*  Rapport*  sur  les   Exploratious   Geologiques  (Chemin  de   Fer  Sous- 
Marin),Paris,  1875.    Republished  in  1877. 

tJlecherches  sur  le  Terrain  Cretac^  Snperieiir,  p.  130, 
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Mr.  Price  appears  to  have  imagined  that  the  **  marl  with  Bdemr 
aUes  "  occurred  at  the  top  of  what  previous  writers  had  called  Grey 
Chalk,  and  to  have  identified  it  with  the  **  thin  yello\iish  beds " 
mentioned  by  Phillips ;  whereas  in  reaUty  these  bands  are  more 
than  50  feet  below  the  Bdemnite  marl,  which  is  at  the  top  of 
Phillips'  white  chalk  \\\t\\  few  fossils  (So.  G  of  Mr.  Whitaker).  It 
was  therefore  a  mistake  to  include  this  white  or  whitish  chalk 
under  the  head  of  "  Grey  Chalk." 

The  point  will  perhaps  be  made  cleai'er  by  thro^nng  the  different 
classifications  into  a  Uibular  form,  thus  :  — 


PaiLLira. 


8Q<V3ltfl. 


Chtlk  witb  few 
orgsnlc  rMnAtnt. 
SoftiUMl  whitish. 


Yellowish  beds. 


Whitakkr. 


POTIXR  A9D 

hit  Lapparknt. 


Marl  with 
B.leninlteH. 


Bed  6. 
Blocky  Chalk. 


No.  V 


Orey  Chalk 
(baa*  Boi  fixed). 


\ 


No.  VI. 


Bed  7. 
Orey  Chalk 

Chalk  Marl. 


No.  VII. 


PRICB. 


Bed  VII. 


Bed  VI. 

Zone  of 

Holaster 

sabglobostift. 


O 

3 


Beds  m.,  IV.,  V. 

Zone  of 

Am.  variant 

aud 

Am.  rotomageDtia. 


Upper  Oreenaand. 


J 


No.  vni 


/ 


^ 


Bed  II. 


Bedl 


e. 

pr 
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Mr.  Price  informs  us  that  he  did  not  obsei*ve  any  horizon  which 
he  could  take  as  a  Une  of  division  in  his  Bed  VI.,  and  that,  so  far 
as  his  evidence  went,  the  principal  fossils  ranged  throughout  its 
thickness.  But  as  all  previous  ol^servers  had  recognised  a  differ- 
ence of  colour  and  texture  in  the  upper  50  feet,  and  as  the  French 
writers  agree  in  making  this  a  sepamte  zone,  uniting  it  with  the 
marl  above  as  the  zone  of  Bdemnites  plenics,  it  was  thought 
desirable  to  re-examine  the  section.  This  was  done  by  Mr. 
W.  Hill,  and  the  rasult  confirms  the  descriptions  of  Messrs.  Phillips 
and  Whitaker,  for  though  fossils  are  few  in  the  higher  part  of 
the  Lower  Chalk,  yet  the  difference  of  colour  is  marked,  and  the 
change  from  grey  to  white  agrees  with  the  facts  observed  at 
many  other  inland  localities,  so  tliat  it  is  not  a  mere  local  accident 
of  colour.* 

Moreover,  it  was  found  tliat  the  chalk  in  the  lower  19  feet  of 
Mr.  Price's  Bed  VI.  was  very  marly,  and  contained  Ammonites 
varians  with  other  Chalk  Marl  fossils.  We  think,  therefore,  that 
this  19  feet  should  be  grouped  with  the  Chalk  Marl  and  that  Bed 
VI.  is  capable  of  separation  into  four  beds,  quite  equal  in  importance 
to  any  of  those  below,  though  some  are  less  fossiliferous. 

The  following,  then,  is  our  subdivision  of  the  Lower  Chalk  be- 
tween Folkestone  and  Dover,  the  beds  being  numbered  from  below 
upwards,  and  Mr.  Price's  niunbers  being  given  for  comparison  :  — 

Mr.  Price's 
ft.  Beds. 

9    Belemaite  marl 6  VIL 


OS' 


8    Massive  white  chalk  with  Holaster  trecensis 

and  Discoidea  cylindrica        -        -        -    53 

7    Greyish   chalk,  in  thin   beds  with    stony  1-  ^j 

lumps— large  Ammonites        -        -        "      "^  I 
6    Grey  chalk  with  few  fossils       -        -        -    60  j 

5    Grey  marly  chalk,  fossiliferous  -        -        -     19 

4    1  The  cast  bed ;  many  fossils       -        -        -   ?  2  V. 

3    Soft  grey  marl  with  two  hard  beds  at  the 

top,  Am.  [Acanth]  rotomagensis       -        -    20  IV.  &,  III 
2    Soft  grey  marl  with  Plocoscyphia      -        -    10  II. 

1     Glauconitic  marl  with  Stauronema     -        -     16  I. 

193 

Stratigraphical  Details. 

Zone  of  Ammonite  viUrianB. 

(Chloritic   Maxl  and   Chalk   Marl.) 

Bed  l.—Subzotie  of  Stauronema  Carferi.— Resting  on  the  marly 
clay  of  the  Upper  Ganlt  is  a  bed  of  glauconitic  marly  sand  and  sandy 
marl,  consisting  largely  of  glauconite  grains  with  some  quartz  sand 
and  a  varying  amoimt  of  marly  material.  The  basal  part  is  of  a 
dark  green  colour,  and  may  be  termed  an  earthy  greensand  or 

*  See  Quart.  Journ.  Geol.  Soc.,  Vol.  zlii.  p.  225,  and  subsequent  descrip- 
tions in  this  memoir. 
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glaucouitic  Baud-rock,  for  the  pro])ortion  of  marly  matrix  is  small, 
but  suiKcient  to  bind  together  the  sandy  ingredients  into  a  coherent 
mass.  Its  base  is  piped  into  the  underlying  Gault— that  is  to  say, 
the  top  of  the  ( lault  is  penetrated  by  a  number  of  small  and  irregular 
pittings  and  borings  which  are  3  or  4  inches  deep  and  are  filleil 
with  the  material  of  the  overlying  sand.  There  are  no  phosphate 
nodules  at  the  junction,  nor  are  there  any  higher  up  in  the  bed. 

Upwai-ds  the  proportion  of  sand  diminishes  and  that  of  the  marly 
matrix  increases,  but  it  continues  to  be  distinctly  green  and  sandy 
for  a  distance  of  about  1(5  feet,  when  it  shades  off  rapidly  into  the 
next  bed  (2).  The  upper  part  is  a  green,  sandy  glauconitic  marl 
with  irregular  sjv)ts  and  veinings  of  whiter  marl.  It  it  sufficiently 
coherent  to  weather  along  vertical  joints  into  blocks  of  irregulw 
prismatic  shapes. 

Fi'om  the  constant  slips  it  is  not  easy  to  measure  the  thickness 
of  this  bed,  but  it  is  best  exposed  below  the  small  outlier  of  Chalk 
Marl  on  which  Martello  Tower  No.  3  stands.  I)r.  Fitton  estimated 
its  thickness  hei'e  Jis  '*  about  14  feet ;  ''*  Mr.  Topley  thoaght  that 
*  it  may  l)e  15  feet  thick  ;  "f  Mr.  Price,  describing  it  in  1877,  says 
it  is  ul)out  14  feet,J  but  that "  it  is  extremely  difficult  to  obtain 
an .  accurate  measurement."  Mr.  R.  Kerr,  chanced  to  have 
a  good  opi>ortunity  of  measuring  it  in  1887,  and  found  it  to  be 
It)  feet 

Fossils  art^  not  abundant  in  this  Ijed,  but  the  two  sponges  Sfauro- 
n4>ma  Carter i  and  Plucihscypliia  luhnKM  and  the  bivalve  Atricula 
gryjJuntiili^  mn  generally  he  found.  Ammonites  [Sciiloenbadiia] 
mrMiisaixdScaiJiitesaHiualis  have  been  found,  but  are  rare.  Pecten 
asfk^r  has  never  l)een  found. 

Tliis  UhI  was  formerly  reganleil  jw  a  representative  of  the  true 
U pi>i»r  ijnvnsiuul,  and  was  tr«it«l  ;w  such  in  Mr.  Topley  s  Geolog}' 
of  the  Wmid  (I87r>)»  and  by  l*i*ofetwi>r  nam>i8  in  liLs  Ilecherchea 
8ur  le  Terrain  iVetact'*  (I87(i,  TalJe,  p.  1(>8).  In  1877.  however, 
Mr.  F.  ii.  U.  IVioedisseuttHlfn^m  this  view,  and  wrote  as  foUo^i-s:  — 
**  riH>n  caivfully  examining  this  bed,  in  ct>mp8iny  with  Dr.  Charles 
lfan\>is,  of  lilK\  1  have  lunne  to  the  ivmclusion  that  the  Upper 
tinvustuul  is  wanting  in  the  smith-eust  of  tliigland  (unless  it  be 
rt^piwenttxl  jvilaHnitologioally  by  the  Upi^ier  iTault,  Beds  X.  and 
XL,  «one  of  Ammoniti^  rrwfni/MA  and  that  the  dark  green  sandy 
de|Hisit  just  ni>w  dt^>riUxl  fornw  the  basement-bed  ol  the  Chalk 
Marl,  they  Unng  ixUiVHmtologically  the  same.**    (Op.  cit..  p.  436.) 

In  1878  lV\rft«H^r  Ibm^s  abo  ex|Mn(vcied  his  change  of  \-iew  ;  he 
^qvinited  its  ei|uivalent  in  Fnuuv  fnnn  the  Eime  of  Periem  asper 
and  calUni  it  the  sime  of  Amiii<mi/<^  /u/iWoriik?.  He  remarks,  ^  this 
EWie  of  Am.  hticiarins  ei>rr<^)¥mds  exactly  with  the  bed  whidi  I 
havi^  fiJIowixl  thnnighout  Kuglaml  under  the  name  irf  CKhriHc 


•  Tmu*.  l^<\J,  8^v.,  S<^r  5.  \\4.  ir,  |<  107.  tS«. 
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Marl :  I  agi*ee  then  with  the  recent  opinion  of  Me88i*s.  Jukes 
Browne  •  and  Price,  who  consider  the  zone  of  Pecten  asper  to  be 
wanting  in  the  Folkestone  cliffs.  The  zone  of  Ammonites 
latidavius  (Bed  I.  with  Stauronema  Carteri  of  Mr.  Price)  Ihere 
rests  directly  on  the  grey  marl  with  Ammonites  inftatus" 

Bed  2.— iS?i62on€  of  Plocoscyphia  /afrrosa.— This  bed  is  about 
10  feet  thick,  and  consists  of  rather  haixi  and  somewhat  sandy  chalk 
of  a  light  grey  colour.  It  contains  large  grains  of  glauconite  near 
its  base,  where  it  passes  down  into  Bed  1,  but  only  grains  of  micro- 
scopic size  in  the  rest  of  its  mas.s.  It  includes  three  or  four  bands 
of  hard  chalk,  which  are  full  of  the  two  sponges,  Plocoscypliia  labrosa 
(=mcBa?idri?ia)  and  PL  fenestrata,  and  Dr.  Barrois  has  designated 
the  horizon  here  and  elsewhere  by  the  name  of  the  former. 

This  bed  contains  many  fossils  belonging  to  a  considerable  number 
of  species  (see  list  on  p.  42),  among  which  the  following  are  common: 
Holaster  lasvis  var.  nodvlosiis,  Ostrea  frons,  Inoceramus  striatus, 
Lijna  globosa,  Plicatula  inflate  and  Am.  [Acanthoceras]  Manteili, 

Bones  of  Ichthyosaurus  campyhdon  and  of  Acanthojyhdis  her- 
ridus  have  been  found  in  this  bed,  and  Mr.  l^-ice  has  obsei'ved  that 
those  of  Idithyffsaurus  only  occur  in  the  hard  sponge  beds.  Mr. 
l*rice  also  mentions  the  occasional  occurrence  of  hard  concretionary 
nodules,  more  or  less  incrusted  with  iron  pyrites  and  bearing  the 
appearance  of  ha\ang  been  rolled  and  waterworn,  with  small  Ostreie 
and  PlicatuUe  attached  to  them. 

Bed  3.  (III.  and  IV.  of  Price).— This  includes  the  beds  numbered 
by  Mr.  Price  as  III.  and  IV.  because  we  do  not  see  any  good  reason 
for  so  separating  them,  as  most  of  the  fossils  which  occur  in  the 
one  occur  also  in  the  other. 

The  total  thickness  of  this  subdivLsion  is  from  11)  to  20  feet.  Am- 
ifumite^  [Sell  hr  n  bach  ui  ]  ivi  ria  lis  occui-s  throughout. 

Tlie  lower  8  or  8  J  feet  (Mr.  Price's  Bed  III.)  consist  of  soft  grey 
marly  chalk,  mottled  in  lighter  and  darker  tint«,  and  containing 
some  lines  of  hard  nodules.  Am.  [Acanthoceras] rotomagensis^rBt 
occurs  in  this  bed,  and  small  fish-teeth  are  not  uncommon  belonging 
to  Corax  falcatns,  Xotidanus  mierodon  and  Oxyrhina  Mantelli. 

The  next  8  feet  consist  of  light  grey  marly  chalk,  in  which  liadio' 
lites  Mortoni  occm^s. 

The  highest  3  fe€?t  consist  of  tliree  well-marked  Umds  each  about 
a  foot  thick  ;  the  first  consists  of  very  hard  light  grey  chalk,  poor  in 
organic  remains ;  the  second  is  a  soft  dark  gi*ey  marly  chalk  with 
many  fossils ;  the  third  is  a  liard  bed  like  the  firat.  In  the  middle 
bed  large  specimens  of  Ammonites  [Acanthoceras]  rotomagensis, 
Am,  [Acanthoceras]  ManieUi,  and  a  species  like  Am, 
[Haploceras]  leioesiensis  oc<5ur.  A  variety  of  Pecten  elongatus  is 
also  found  in  this  layer. 

Bed  4.  (V.  of  Price).— This  is  the  Bed  V.  of  Mr.  Price,  and  is  only 
a  thin  bed,  being  less  than  3  feet  in  thickness,  but  is  of  importance 

*  Geol.  Mag.,  Dec.  ii,  Vol.  iv.  p.  364. 
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on  ac<H)unt  of  the  miinlier  and  varietv  of  the  fomla  which  it  con- 
tains.  Mr.  Price  de«cril)e8  it  as  a  soft  chalk-inarl  of  a  light  grey 
colour,  mottled  and  strii)ed  with  darker  grey,  and,  as  it  is  soft 
enoiigh  to  l)e  cut  with  a  knife,  it«  fossils  c^m  be  easily  extracted. 
It  is  sometinie«  known  as  the  "  cast-bed." 

This  bed  rises  above  high  water  leNel  at  a  point  about  two  miles 
east  of  Folkestone,  and  the  place  is  marked  b}*  the  issue  of  a  strong 
perennial  spring,  which  is  known  as  Lydden  Spout.  This  out- 
flow of  water  is  evidently  due  to  the  impermeability  of  this  com- 
pact argillaceous  marl  which  forms  a  floor  under  the  hill  behind, 
and  holds  up  the  watei*  which  has  |)errolated  through  the  super- 
incumlient  chalk. 

Small  nodules  of  iron  pyrites  occur  in  this  bed  which  have  a 
smooth,  bright,  silvery  surface,  and  thus  difter  from  the  nodules 
occurring  in  other  beds. 

Although  this  bed  is  rich  in  fossils,  and  has  yielded  many  species 
which  have  not  vet  been  found  in  the  l)eds  below,  vet  the  fauna  is 
essentially  tliat  of  the  Chalk  Mrfi'l  or  zone  of  Ammonites  varians, 
and  most  of  the  Cephalopoda  which  occur  in  it  are  also  found  in 
Bed  2.  What  gives  it,  however,  a  distinctive  character  is  the  number 
of  Gastropoda  it  contains,  no  fewer  than  nineteen  species  ha%nng 
been  recorded  by  Mr.  Price.  There  are  also  manj-  small  Brachiopods 
Rhyndianella  viantellidna  and  Terebratvlina  mnlvlosa  being 
especially  conunon. 

Bed  6.  —This,  together  with  the  succeeding  Beds  G,  7  and  8,  make 
up  the  division  which  was  numbered  VI.  by  Mr.  Price.  Al)0ve  the 
band  which  \\\\a  been  indicated  a«  the  **  CA8t-l)ed  "  of  Price  there 
are  19  feet  of  grev  niailv  chalk,  which  we  are  inclined  to  class  as 
"Chalk  Marl"  rather  than  "(irev  V\m\kr    The  abundance  of 

« 

Rhyiidioiuila  manteUin  lut  and  the  occurrence  of  Am.  [Schloenbachia] 
varicins  link  it  to  the  Ijeds  Inflow  rather  than  to  those  above. 

The  lowest  2  feet  consist  of  rather  Arm  grey  chalk  less  marlv 
than  the  remainder. 

Above  this  are  7  feet  of  dark  grey  marly  chalk  containing  frag- 
ments of  Am.  mrians. 

The  remaining  10  feet  consist  of  rather  soft  grey  marly  chalk 
containing  Rhy^ivcJionrlla  maivtcUifiim,  Rh,  Martini,  Kingena 
limxiy  and  other  fossils. 

Tliere  is  no  definite  demarcation  between  this  and  No.  G. 

Zone  of  Holaster  subglobosus. 

Bed  6.— This  subdivision  consists  of  what  may  legitimately  be 
called  "  grey  chalk,*'  in  contrast  with  the  marly  chalk  bdow  and 
the  whiter  chalk  above.  It  is  massive  and  blocky,  l»*eaking  rather 
along  cur\ilinear  joint-planes  than  along  definite  lines  of  lading  ; 
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by  piecing  ou  the  l)eds  seen  at  Baker's  Harbour  west  of  Shakes- 
peare's cliff  to  higher  beds  seen  at  the  western  entrance  of  the  tunnel 
it  appears  to  be  divisible  into  three  portions  which  in  descending 

(K-der  are  as  follows : — 

ft. 
YellowiBh-grey  chalk,  massively  bedded  ;  seen  for  -       -       -      23  • 
Grey  chalk  with  large  patches  or  mottlings  of  yellowish-grey 

(top  not  seen) 21 

Massive  grey  blocky  chalk,  with  Rhynchonella  Grasianaj 
►•-    Disdoidea  subuculus,  etc. 16 

Ml*.  Bhodes  obtained  many  fossils  from  the  middle  part,  including 
HoUister  subglohosus,  HoLtrecensis,  Cylaris  Bowerbanki  (spines), 
Pseudodiadema  orncUum,  Ps.  Narmanue  and  Pecten  Beaveri. 

Bed  7.— This  lied  was  recognised  by  Mr.  Whitaker  and 
m^itioned  in  his  "Geology  of  the  London  Basin"  (1872),  p.  33. 
Writing  of  the  "Grey  ChsAk  "  as  defined  by  Phillips,  he  says,  "Near 
the  top  there  is  a  more  massive  bed,  about  8  feet  thick,  which  at 
Hay  Cliff  has  small  liard  projections,  some  being  pyrites,  some 
fossils,  and  othera  stony  lumps."  By  Mr.  Hill's  measurement  7  feet 
is  the  thickness,  but  it  may  be  a  little  over,  and  the  material  may 
be  described  as  greyish- white  ohalk  in  thin  beds  containing  hard, 
flattish  lenticular  lumps  or  knobs  of  hard  stony  chalk,  which 
weather  out  prominently.  Ijarge  Ammonites  occur  in  this  bed, 
one  of  which  was  taken  to  Jermyn  Street  and  identified  as  Am. 
[AcarUh.]  rotomdgensis. 

Bod  8. —This  is  the  subdivision  called  byW.  Phillips,  "chalk 
without  flints  and  with  few  organic  remaiiLs."  He  describes  it  as 
forming  the  base  of  ShakesjDeare's  cliff  rising  from  the  beach  at 
the  eastern  end  of  that  cliff,  and  as  travei^sed  bv  tranverse  or 
vertical  joints  which  give  this  chalk  "  an  angular  apj>earance,  not 
common  to  any  other  jmrts  of  the  cliff/* 

It  is  a  soft  whitish  chalk,  and,  as  Phillips  remarked,  it  con- 
tains very  few  fossils  ;  Discovlea  cylindrica  and  a  few  fmgments  of 
a  HolaMer,  either  trecensis  or  miJ)glof)osus,  were  the  only  fossils  found 
by  us,  but  Mr.  Price  mentions  palates  of  Ptychodus  poly  gyrus  and 
P.  decurrens  as  found  towai"ds  the  top  of  his  Bed  VI,  Nodules  of 
iron  pyrites,  some  spherical  and  some  cylindrical,  are  common, 
and  are  of  a  dark  colour  externally.  Our  estimate  of  53  feet  closely 
agrees  with  that  of  Phillii)s',  who  gives  "  alx)ut  50  feet "  as  its 
thickness. 

Bed  9  (Bed  VII.  of  Price). -This  is  the  soft  marl  of  W.  Phillips 
dividing  "  the  whiter  and  softer  chalk ''  from  the  "  hard  yellowish  " 
chalk  above ;  and  it  is  the  bed  which  Mr.  Whitaker  describes  as 
about  6  feet  thick  and  containing  Belemnites.  *  Mr.  Price's  account 
of  it  is  not  clear,  because  he  describes  it  as  "  yellowish,  gritty,  white 
chalk,''  and  in  referring  to  Mr.  Whitaker's  Memoir,  he  quotes  the 
description  of  a  very  different  bed  at  a  lower  horizon,  that  namely 
which  separates  the  grey  from  the  white  chalk,  i.e.,  our  Bed  7.    . 

*Mein.  Geol.  Survey,  Vol.  iv.  p.  33.  (1872). 
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In  reality  the  bed  consists  of  soft  yellowiah-grey  or  buff-coloured 
marl,  and  it  separates  the  smooth  white-jointed  chalk  of  Bed  8  from 
the  nodular  yellowish-white  gi'itty  chalk  which  represents  the 
Melbourn  Rock.    It  is  the  Belemnite  Marl  of  our  nomenclature 

(e.  20). 

Actinocamxix  pleniis  is  not  uncommon  in  this  marl,  but 
other  fossils  are  rare,  the  only  species  recorded  by  Mr.  Price  being 
PtycJiodus  deairrens,  Pty.  polygyms  and  Plicahda  inflata. 

The  following  is  a  list  of  the  fossils  which  have  been  obtained 
from  the  several  beds  or  sulxli^^sion8  of  the  Ijower  Chalk  between 
Folkestone  and  Dover.  The  list  is  based  on  that  given  by  Mr.  Price, 
the  fossils  entered  on  his  authority  being  indicated  by  the  letter 
P ;  those  obtained  by  the  Sm'vey  collector  are  marked  S ;  a  few 
(marked  B)  are  quoted  from  IVofessor  Barrois'  paper  on  the  Bou- 
lonnais,*  and  are  credited  to  our  Bed  (>.  though  one  or  two  may 
have  come  from  No.  5.    These  S|)ecie6  were  identified  by  M.  Cotteau. 

Fossils  from  the  Lo\\t:r  Chalk  near  Folkestone. 


Zone  of 
Am.  variAUB. 


Bed   BmI    Bed 

1.        t.       S. 


Zone  of 
H.  rabgloboMU. 


BediBed    Bml 

7.    I    8.       ». 


SpangidUi. 

Hylospongie  ID. 

PIo(XMcjrphiA  leneetraU,  Mant. 

„  Ubroea,  Mn*th  (  =  mmuidrinA 

StauronemA  Carteri,  S  Han 

„           loba^a,  Sollat 
Ventriculites  sp. 


Acthiozttn. 
Hicrabaeia  coroimla,  iioUif. 

Ech  inodermata. 
i'idarii  BowerlMiuki,  himtrt 
„       UiMimiliK,  Furftft  - 
„      vesiculoea,  GtUit/.  - 
„      8p.  .       -  *     - 

Discotdea  cylindrica,  Ltin. 
„        subacula4.  Ktrin 
Ecliliiocyphua  ditttc  lie,  Forbe» 
Epiaster  craasistimus,  dOrb. 
Gonlaater  (Calliderma)  moaaicus,  Ft 

•p.       -       -       .       . 
Hemiaeter  Morr'.sl,  Forbe* 

„         Griepeiikerll,  atroetnbeek 
Uuladter  Irovis,  Ag.  (var.  no  lulo^iit, 
,,       subgloboBUs,  Letke 
„       trecensis,  Leym.  • 

Opliiura? 

Peltastes  clathratos,  Agi.   • 

H        umbrella,  Ag. 
P«eudodiadema  MIshellnl,  Detior 
„  Norroanin  ,Cott. 

„  oriiatum,  (JoUf/. 

„  paeudooroaiura,  Cott. 

„  variolare,  Brongtu 

■p.    .       -        • 

f,  "P-    • 

Salenia  Anitenl,  Forbet     • 

Clarkil,  n)rbes 
petalifera,  £>eim.  - 
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CHAPTEK    IV. 

THE  LOWER  CHALK  IN  THE  INLAND  PARTS  OF  K1^]NT 

AND  IN  SURREY. 

1.   Kent. 
General  Description. 

Having  now  given  fiill  particulars  of  the  cf>a«t  section  between 
Folkestone  and  Dover,  we  shall  notice  some  of  the  sections  in  the 
Lower  Chalk  along  the  coui-se  of  its  outcioj)  through  Kent. 

So  far  as  we  can  judge,  its  total  thickness  does  not  diminish  west 
ward;  but  there  is  little  accurdte  information  on  this  jXiint,  for, 
although  it  has  been  travei-sed  by  several  borings,  the  published 
accounts  of  these  do  not  give  any  certain  indication  of  the  summit 
of  this  division.  Mr.  Whitaker,  however,  examined  some  samples 
from  the  lower  part  of  the  lx)ring  at  Chatham  Dockyard  (Well 
No.  1),*  and  from  the  particulars  given  by  him  the  Lower  Chalk 
there  appears  to  be  191  feet  thick,  or  only  2  feet  less  than  at  Dover. 

We  may  therefore  assume  that  its  several  jmrts  maintain  much 
the  same  thickness  as  they  exhibit  in  the  coast  section,  exception 
being  made  in  regard  to  the  Chloritic  Marl,  or  zone  of  Stavronema, 
which  rapidly  diminishes  in  thickness  inland. 

The  geneml  features  of  the  coast  section  are  repeated  inland,  and 
wherever  good  sections  occm*  the  descending  succession  is  always 
found  t9  be  as  follows  :  — 

• 

HatI  vdth  Actinocavuhf  plenus  -  =Bed  9. 
Massive  white  chalk  -  -  -  =  Bed  8. 
Massive  grey  chalk  -     =Bed8  6and7. 

Chalk  marl  with  layers  of  hard  chalk = Beds-  2,  3,  4,  and  5. 
Thin  bed  of  glauconitic  marl. 

The  bed  of  marl  at  the  top  is  everywhei-e  conspicuous,  and  the 
characteristic  fossil  may  be  found  in  nearly  every  exposure  of  it. 

The  white  chalk  below  seems  to  keep  about  the  same  thickness  as 
at  Dover,  but  it  is  not  always  so  sharply  marked  off  from  the  grey. 
In  the  western  part  of  the  coimty  it  passes  down  gradually  through 
greyish-white  into  grejj  chalk.  When  quarried  these  massive 
grey  and  white  beds  generally  spUt  into  large  angular  blocks,  but 
in  the  lower  part  the  fracture  is  frequently  conchoidal. 

The  Chalk  Marl  does  not  seem  to  change  materially  in  its  westward 
course,  but  the  exposures  of  it  are  few  and  far  between. 

It  will  be  convenient  to  trace  the  course,  first  of  the  basement 
bed,  then  of  the  Chalk  Marl,  and  finally  of  the  higher  zones. 

•  Quart.  Journ.  Geol.  See.,  Vol.  xlii.  p.  29,  1886. 
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Zone  of  Ammonites  varians. 

Chhritic  Marl.  The  more  sandy  part  of  the  sub-zone  of  Stawr- 
onema  does  not  extend  far  in  from  the  coast.  Mr.  Topley  observes 
that  "10  feet  of  rather  clayey  and  calcareous  Greensand  ai*e  exposed 
in  the  cutting  just  eiint  of  Folkestone  Jimction  Station,  at  the  west 
end  of  Mai*tello  Tunnel ;  there  is  soft  Chalk  Mai-1  above,  with  a  few 
green  grains  in  the  lower  jwrt.  In  the  heaps  of  eai*th  above  the 
tunnel-mouth  nuich  (ireensand  may  be  seen,  some  haixi  and  with 
mxlules.''* 

It  is  seen  again  at  the  foot  of  Castle  Hill  in  the  most  easterly  of 
the  roads  wliich  unite  thei^e  and  just  north  of  their  junction,  but  Mr. 
Topley  states  that  *"  it  is  here  only  3  or  4  feet  thick,  and  contains 
many  small  phosphatic  nodules.'' 

West  of  this  point  the  Stauronemu  zone  appears  to  thin  out 
entirely,  for  Mr.  Simms,  ^vriting  in  1844,  says  it  does  not  oc^jur  at  the 
foot  of  Tolsford  Hill, "  the  only  trace  of  it  being  some  grains  of  sand 
mixed  with  the  Chalk  Marl  over  the  Gault ; "  f  and  Mi\  TojJey 
says, "  still  further  west,  as  in  the  road  north  of  Stanford,  I  have 
not  been  able  to  find  any."    (Op.  cit.,  p.  154.) 

It  is  rather  remarkable  that  a  bed  which  is  so  conspicuous 
at  Folkestone  should  thin  out  so  rapidly,  for  in  most  other  parts 
of  the  south  of  England  it  is  a  fairly  constant  band. 

We  did  not  find  any  exposures  of  the  l>Hse  of  the  Chalk  between 
Wye  and  Aylesford,  but  a  note  by  Prof.  T.  McE.  Hughes,  quoted  by 
Mr.  Topley,  I  states  that  a  thin  bed  of  dark  Greensand  occurs  above 
the  Gault  near  Charing,  tliat  such  material  was  tm*ned  out  of  some 
deep  drains  east  of  Cliaring  and  was  again  touched  near  Eastwell 

In  the  brickyard  at  Aylesford,  north-east  of  Maidstone,  there  is  a 
thin  bed  of  sandy  glauconitic  marl  at  the  base  of  the  Chalk  (see 
section  given  in  Vol.  I.,  p.  88).  The  same  bed  is  also  seen  in  the  cut- 
ting made  for  the  tramway  leading  from  the  Bm*ham  brickyard  to 
the  large  quarries  in  the  Chalk  half  a  mile  east  of  Burham.  It  is  not 
certiiin,  however,  that  this  IxmI  rejiUy  i'ei)re8ent8  the  zone  of  Stauro- 
iiema  Carteri,  jih  that  fossil  has  not  l)een  found  in  it. 

The  outci'op  of  this  glaue<)nitic  marl  forms  a  low  ridge 
in  the  Ijed  of  the  river  Medwav  l)etween  Burham  and  Snodland,  but 
is  only  visible  at  low  water. 

Further  west  it  can  be  seen  in  the  right  bank  of  the  watercourse 
issuing  from  a  spring  at  (\)ney  Hall  Farmstead,  half  a  mile  south  of 
Birling  House.  From  this  |)oint  to  just  eivst  of  Kemsing  it  is  hidden. 
lmme<lijitply  west  of  Kemsing  it  l)egins  to  ivgain  imjxnianc^,  .ind 
becx>mes  still  thicker  to  the  westward. 

"  Green  marly  sand  below  the  Chalk  "  was  seen  by  Mr.  Topley 
in  the  railway  cutting  south  of  Otford.  At  the  spring-head  neai* 
New  Barns  Farmstead,  about  a  mile  W.S.W.  of  Otford  Church, 


*  Geology  of  the  Weald,  Mem.  Geol.  Survey,  1872,  p.  152. 

t  Proc.  Geol.  Soc.,  Vol.  iv.  p.  206. 

\  Geology  of  the  Weald,  Mem.  Geol.  Survey,  1872,  p.  152, 
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4  to  5  feet  of  greyish-white  marly  chalk  is  exposed,  coutaining 
(Amnumites  fxiriana,  and  Am.  Coupei),  and  beneath  it  is  soft 
buff-grey  marl.  Following  the  stream  downwards,  the  glauconitic 
sandy  marl  is  found  with  a  thickness  of  5  feet  at  least ;  its  juuctiou 
with  the  chalk  is  not  seen,  nor  is  that  with  the  Gault  easily  trac^, 
but  the  impression  conveyed  by  a  succession  of  sj^ecimens  brought 
up  by  a  hand-augm*  was  that  the  glauconitic  bed  i)assed  gradually 
to  the  Gault  without  a  well-marked  Iwse  line. 

Chalk  Alarl— There  do  not  api^eur  to  Ije  many  (quarries  in 
this  paili  of  the  Lower  Chalk  in  Kent.  Tortious  of  it  are  shown 
occasionally  in  road  cuttings,  but  we  have  not  been  able  to  examine 
the  course  of  outcrop  in  sufficient  detail  to  trace  the  minor  Ijeds  of 
the  coast  section  inland. 

Two  or  three  miles  east  of  Wye  hard  beds  occur  low  down  in  the 
Chalk  Marl,  apparently  rather  nearer  the  base  than  at  Folkestone, 
but  this  may  be  partly  due  to  the  thinning  of  the  Stauratiema  zone. 
They  are  seen  in  the  lane  leading  from  the  main  road  to  Bull  Town 
Farm,  and  they  yielded  Am.  [Schloenbachia]  variaiiSy  Scaphite$: 
cequaliSf  Terehratula  biplicata,  Pecten  orbicularis,  and  Plicatula 
inflaia. 

Shallow  cuttings  at  Giddy  Horn  Wood,  Cocklescomlje,  and  New- 
gate Scrubs  show  the  same  l3eds. 

The  best  inland  section  is  probably  that  in  the  cutting  which 
leads  from  the  brickyard  at  Burham  to  the  large  quarry  half  a  mile 
east  of  Burham.  The  basement  bed  is  seen  at  the  entrance 
of  the  cutting)  and  further  on  beyond  the  tunnel  the  following 
section  was  taken  by  Mr.  W.  Hill  in  189G  ;— 

feet. 
Greyish   chalk,   slightly   yellowish   or    buflf-coloured,   much 

broken  up  and  inaccessible, over    20 

Greyish-buff  chalk  with  three  or  four  hard  beds   -        -       -    10 
Soft  bluish-grey  marl 6 

The  sides  of  the  cutting  are  v^ry  steep,  so  that  the  upper  part  was 
inaccessible,  but  portions  weathered  out  as  if  harder  than  the  rest. 

In  a  quarry  about  200  yards  south  of  the  Black  Horse  Inn  at 
Thomham  20  feet  of  the  tower  Chalk  is  seen,  very  much  broken 
up,  as  usual. 

Zone  of  Holaster  subglobosus. 

Numerous  small  quarries  along  the  base  of  the  North  Downs 
east  of  Wye  show  the  highest  part  of  the  Lower  Chalk. 

At  the  lime  Ealn,  one-third  of  a  mile  east  of  Coldharbour  Farm, 
about  two  miles  east  of  Wye,  the  section  was  :  — 

ft.  in. 

Soil,  etc.      -       -       -       -     .  -  .    -       -       -      .  -        10 
Bather  rubbly  whitish  chalk,  inclined  to  weather  in 

platy  flakes 

.Blocky  whitish  chalk 

1  Op  J  7    /a  well-marked  layer  ofcream-coloured  nodules,  brown 
oed  7.  \     exteriorly,  in  grey  marl 


Part  of 
Beds. 


Bed  6.   /  Firm  greyish-white  chalk  in  massive  courses   - 
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The  numbers  prefixed  indicate  the  probable  correlation  with  the 
beds  of  the  coast  section.  The  layer  of  nodules  occurs  at  the  same 
horizon  as  Bed  7  on  the  coast,  but  the  nodules  more  resemble 
those  which  occur  at  Litlington,  in  Cambridgeshire,  at  about  the 
same  horizon  (see  p.  199).  There  is  a  small  pit  one-third  of  a 
mile  north-east  of  Harrietsham,  near  St.  John  the  Baptist's 
Church,  which  shows  13  feet  of  soft  grey  marly  chalk;  the 
I'ock  is  much  broken  up,  and  is  merely  rubble.  A  fragment  of 
Ammoniten  [Acanthoceras]  rotomageitsis  occurred  in  it. 

The  summit  of  the  Tx)wer  Chalk  is  seen  about  300  yards  south 
of  AH  Saiut«'  (Church,  Boughton  CouH.  The  section  seen  in 
181)0  Mas  rtH  follows  :  — 

ft.  ill. 

Soil  and  rubble 2    0 

M''lb»firii   f^**"^     creaiii-coloured    nodular   rock,   much 

Rock      I     broken  -        -       - 

I A  course  of  smooth  white  hard  rock       1  ft.  to 

B'»d  9  ( ^^^  **^  ^^^^  laminated  marl  with  Art.  jd frill's  - 

l^  X        -.'  I  Hardish  white  smooth  chalk     -        -       1  ft.  to 

bilemnite  i  q^^^  laminated  marl 

3larl.  (Grey  marly  chalk       ..... 

passing  down  to 
Bed  8.        Firm  greyish-white  chalk  -        seen  for  14  ft.  to  16    0 

A  similar  section  was  seen  at  the  excavation  for  rifle-butts  about 
half  a  mile  north  of  Greenway  (^ouii:  and  three-quarters  of  a  mile 
U.S.  E.  of  HoUingboiu'ne.  Uetails  of  the  stratification  at  this  horisson, 
however,  vary  at  different  points— f?.gr.,  at  a  small  roadside  quarry 
just  north  of  the  jruidep^wt  at  the  cross  roads  neai*  C-obham  Farm 
1^  mile  N.N.E.  of  Boar^ted  the  section  below  the  soil  was:  — 

ft.  in. 

^^^k^*^   )  ^''^'^  "^'^^^^^  ''""^'^  '*^^^*^'  ^"^^^^^  ^^^^^"   "       -.40 
[Grey  laminated  marl,  with  discontinuous  lenticular 
Bed  9.  beds  of  hard  white  smooth  chalk — AcHnocamoje 

I     plenus,  Rht/nch.  plicatilts 2    0 

Bed  8       f  Firiu  greyish  marly  chalk,  passing  down  to  greyish- 

(     white  ))l()cky  chalk  - 14    0 

It  will  be  seen  that  the  Belemnite  marls  are  not  so  well 
developed  here  as  at  most  other  places. 

The  top  of  the  Lo\\'er  Chalk  with  the  Belemnite  marl  is  exposed 
again  in  the  lane  leading  to  Boarley. 

The  large  pit**  at  the  upi)er  |>art  of  the  Valley  of  the  Medway, 
between  Aylesford  and  Wouldham  on  the  right  bank,  and  in  the 
neighbourhood  of  Hailing  on  the  left  bank,  aU  show  good  sections 
of  the  upper  part  of  the  Lower  Chalk.  The  details  vary  but  little. 
We  select  the  two  which  give  the  clearest  sections. 

That  of  Wouldham  Hall  quarry,  belonging  to  Messrs.  Peters  and 
Co.,  is  as  follows:  — 
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Middle 
Chalk. 


< 


Melbourn 
Rock. 


Lower 
Chalk. 


Belemnite 
Marl. 


ft.  in 

Soil  and  rubble 2    0 

Firm  white  chalk 80 

Hard  rough  whitish  chalk,  scarcely  nodular,  contain- 
ing Rhynch,  Cuvieri 60 

/Rough  nodular  chalk  much  broken  -        -    2    0 
Very  hard   nodular  chalk  ;  the  nodules 
in  both  the  above  courses  are  creamy 

1    yellow    -               2    0 
Very  hard  nodular  chalk,  whiter  than  that 
above,  much  streaked  with  green-grey 
marl --26 

'Marly  chalk  weathering  into  thin  laminse, 
with  lenticular  beds  of  hard  white  chalk, 
very  variable  in  thickness— J  c<iVio- 
camax  plenus^  1  ft.  3  in.  to    2     6 

Firm  greyish-white  marly  chalk,  the  base 
sometimes  marked  by  a  thin  marl  seam, 

4  ft.  to    5    0 
Whitish  chalk,firm  and  blocky,  gradually 
passing  to  grey  hard  chalk        -     about  80    0 

The  quarries  of  the  BurhLam  Brick  and  Lime  Company,  situated 
nearly  two  miles  east  of  the  river  Medway,  and  three-quarters  of  a 
mile  E.S.E.  of  the  village  of  Bm-ham,  afford  an  excellent  series  of 
exposm'es,  for  the  whole  succession  from  Upper  Gault  to  the  base 
of  the  Upper  Chalk  can  be  seen  with  the  exception  of  a  part  of  the 
zone  of  Ammonites  variaris. 

There  are  two  quarries.  Li  the  lower  one,  where  the  Lower 
Chalk  is  seen,  the  section  taken  in  189G  was  :—  f^ 

Middle  Chalk  and  Melbourn  Rock      -         ....     30 

{Greenish-grey  laminated  marl  with  lenticular 
beds  of  hard  white  chalk        -       -    1  ft.  to 
Pale  buffish-grey  marly  chalk,  fracture  often 
conchoidaX— Actinocamax  plenum. - 
^1        f  Firm  white  chalk,  passing  gradually  down  to 
fl  T  ^^  Q  1      ^^y   chaXk— ffol.  8ubglobo8U8j  H .   irecensis, 
6, 7  and  8.  [     Terehratula  biplicata    -        -        -      about 

{Grey  marly  chalk,  Rhynchonella  mantelliana^ 
Kingena  lima,  Am.  [Acantk,]  rotomcigensis, 
Ter,  semiglobosa,  and    Serpula   umbonata, 
about      15    0 

The  Belemnite  marls  are  clearly  exposed.  Bi  the  upper  marly 
band  the  lenticular  beds  of  hard  white  chalk  often  predominate, 
the  marl  being  subsidiary.  The  6-foot  bed  beneath  can  be  followed 
round  the  quarry,  as  it  differs  from  the  underlying  chalk  in  liaving 
a  laminated  structure  which  is  brought  out  by  the  weathering. 

The  grey  chalk  at  the  base  is  lower  than  that  in  the  quarries 
nearer  the  Medway,  and  the  presence  of  Rhynchonella  TnaiUelliana 
in  some  abundance  is  noteworthy  ;  either  this  species  ranges  higher 
than  at  Folkestone,  or  else  this  marly  chalk  corresponds  with  that 
immediately  overlying  the  "cast-bed"  in  the  coast  section.  In  the 
latter  case,  however,  the  zone  of  Hoi.  subrjlohosus  mu9t  be  thinner, 
and  that  of  Am.  varians  thicker,  than  at  Folkestone. 

In  the  quarry  close  by  Otford  Station  some  GO  feet  of  the  Lower 
Chalk  is  exposed.  White  or  nearly  so  at  the  top,  it  passes  down  to 
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grey  marly  chalk  at  the  base,  with  Rhynchondla  mantdliana. 
Cuttings  on  the  railway  one  mile  north  of  Otford  Station  also  show 
the  topmost  of  the  Lower  Chalk. 

The  following  list  of  fossils  from  the  Lower  Chalk  of  Burham 
Wouldham,  Holborough,  and  Cuxton,  has  been  compiled  mainly 
from  one  given  by  Mr.  G.  E.  Dibley,  supplemented  by  the  record 
of  a  few  specimens  collected  for  the  Geological  Survey. 

Fossils  from  the  Lower  Chalk  of  the  Medway  Valley. 


Vertebrata. 

Ap«teodu8  ■trUtnit  Ag. 

Beryx  microcepbaluB,  Ag.  (Ctenothrisu) 

Dercetis  elongstus,  Ag. 

Enchodussp. 

EUaphodoQ  Mantelli,  BueU. 

II  "P. 

HomonotUB  donalii,  Dixon 

Notidanus  microdon,  Aa. 

Oxyrhinft  angUBtidens,  lhnts9 

Pachyrhizodus  Qardneri,  Mcuon     •       .       .       . 

II  "P-  

FlethoduB  oblongus,  Dixon 

Portheuaip. 

Protosphynena  sp. 

Ptychodui  decarrens,  ^^. 

„       deprewus.  Dixon 

„       lBer]M,  A.S.IV. 

polygynis,  4^. 

Tomognathna  mordax,  Dixon        .... 

Invertebrata, 

Ammonites  [Acanthoceras]  Mantelli,  Sow.   - 

„        (  „  ]  rotomagenslB,  BronfTn. 

„         [Schloenbachia]  varianB,  Sow.   • 

H         [           II           ]  Coupei)  Brongn, 
Turrilites  oostatna,  Lam. 

H     tuberculattu,  Bo»e.        .... 
Scaplutes  sBqnalia,  Sow. 

„       obliquuB,  Sow. 

Hamitefl  annatus,  Soto.  [Anisoceras]     - 

Baculitessp. 

KautiluB  elegaos  ?  Sow. 

„    desIongchampBianos,  cCOrb.     • 
Actinocamax  plenuB,  Blainv.  .... 

Holariom  omatum  ?  Sow. 

Pleiirotomaria  penipectiva,  Mant. 

Arcaip.  

Exogyra  haliotoidea  ?  <S^.     ..... 

Lima  aspera,  Maitt. 

„    echinata,  Eth.         -       •  ... 

„    elongata,  Sow.        •       •  ... 

looceramus  Cripei  ?  Mant.      •  ... 

„  latuB,  d'Orb.f  noD  Mant. 

„  striatuB,  Mant. 

Ostrea  hippoiKMlium,  (TOrb.    .... 
Pecten  Beaveri,  Sow.       -  .... 

„    orbicularis,  iSuir. 

„    flssicosta,  Eth. 

„    newsp. 

Pinna  decussata,  GoUtf. 

Plicatula  inflata.  Sow. 

Plenromya  sp. 

Pholadomya  decussata,  Phil.  .  .       . 

Teredo  amphisbasna,  Gold/. 

Terebratula  biplicata,  Soip. 

„         semiglobusa.  Sow.       .       .       .       . 

„         squamosa,  Mant.        .       .        .       . 
Rhynch<HieIla  mantelliana,  SliTir.    .       .       .       . 

„         dimidiata?  Sow.         .       .       .       . 

Kingena  lima,  D</r. 

Enoploclytia  LeacbL  Mant. 

„  sussexiensis,  Mant.   .       .       .       . 

Serpula  ampullacea,  S^oic. 

„     umbonata,  .SSrrtr. 

Disooidea  cylindrica,  Lam. 

Holaster  suttglobosus,  Leske 

„       trecensis,  Lryin. 

Pseudodiadema  ornatuni,  Gut{f.    -       .       .       . 

Axogaster  cretacea,  Lontni. 

Coniferous  wood      ...  .       •       . 
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'  1         2.— Surrey. 

General  Description, 

The  Lower  Chalk  of  Surrey  is  a  continuation  of  that  of  Kent, 
but  its  outcrop  becomes  much  narrowed  near  Guildford,  in  conse- 
quence of  the  steeper  inclination  of  the  beds. 

There  is  no  well-marked  basement  bed  to  the  Chalk  of  Surrey, 
except  in  the  extreme  west  near  Farnham.  Everywhere  between 
Godstoneand  Guildford  the  Selbomian  sand  passes  up  into  a  glau 
conitic  sandy  marl,  and  this  into  a  soft  chalky  mai-1  without 
glauconite.  Part  of  this  passage  is  doubtless  to  be  regarded  as 
representing  the  Chloritic  Marl  or  zone  of  Stauronema  Carteri,  but 
as  fossils  are  rare,  and  the  usual  brown  phosphates  are  ahnost 
completely  absent,  it  lacks  the  usual  characteristics  of  that  horizon. 

The  Chalk  Marl  above  is  of  a  greyish-buff  colour,  very  soft  at 
the  base,  but  passing  up  into  firmer  greyish-white  marl,  succeeded 
by  marly  chalk  with  hard  concretionary  masses,  in  which  Am. 
[ScMoejiixichia]  varians  is  common.  The  central  part  of  the  stage 
consists  of  firm  grey  chalk,  in  which  Holaster  subglobosiLs,  Pecten 
Beaveriy^  and  a  few  other  fossils  occur. 

The  upper  beds  of  the  Lower  Chalk  present  the  same  characters  as 
those  in  Kent,  being  massive,  blocky  and  whitish,  till  the  marly 
chalk  of  the  Belemnite  band  is  reached. 

The  total  thickness  is  probably  about  200  feet.  Li  the  Streatham 
boring  it  was  foimd  to  be  188^  feet ;  at  Richmond  it  is  stated  to  be 
220  feet,  and  still  further  west,  at  Winkfield,  it  is  219  feet.  The 
particulars  obtained  about  this  part  of  the  Chalk  in  the  Winkfield 
boring  may  be  summarised  as  foUow  :- 

ft.  in. 

White  and  green  chalk  (7  Belemnite  marls)    -       -       -  6  0 

White  chalk,  some  parts  free-cutting,  but  most  of  it  hard  105  9 

Hard  grey  chalk,  the  lower  part  being  of  a  dark  grey  colour  35  3 

Blue  and  brown  marly  chalk 22  0 

Grey  (]  marly)  chalk  with  hard  layers  from  1  to  13  inches 

thick                      -       -               -       -  50  0 

219    0 

The  base  was  fixed  by  the  examination  of  a  sample  from  the  depth 
of  939  feet,  which  showed  the  characters  of  the  Chloritic  Marl.  If 
the  description  is  ta  be  trusted  with  regard  to  colour,  the  thickness 
of  white  chalk  here  is  imusually  great,  but  the  succession  of  White 
Chalk,  Grey  Chalk,  and  Chalk  Marl  is  clearly  shown. 

Zone  of  Ammonites  varians.  . 

Chloritic   MarL'-The    passage  beds   from  Tipper  Greensand 

to  the  Chalk  are  well  seen  in  the  quarry  at   Colley  Hill,  near 
Beigate. 
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The  section  as  seen  in  1896  was  given  in  the  first  volume  of  this 

memoir,  but  a  part  of  it  may  be  repeated  here,  as  follows  : — 

ft, 

/  Soil  and  rubbly  Chalk  -        -        -       -        -        -  3 

Grey  marly  Chalk,  drying  whitish        .        -        -  6 
Chalk  Marl.  .   Grey  mottled  nuirly  Chalk,  containing  hard  con- 
cretionary lumps;  ilw.  [<SicAi«en6acAta]  vartan«  9 
(  Grey  clayey  marl  mottled  with  yellowish  buff      -  2 
Chloritic    /  Greyish-green    sandy     glauconitic     marl,    with 
Marl.       \      Ostrea  vesiciUaruSLndAmculagryphiBoides  3 

^plhnmkn     i  Micaccous  marly  sands- 8^ 

feelDornian.    |  q^^^  sandstones  (Hearthstone)    -        -        -        -      12 

There  is  a  complete  passage  here  from  Selbornian  to  Chalk  through 
the  bed  which  we  regard  as  Chloritic  Marl,  and  there  are  no  phos- 
phatic  nodules.  There  is  a  similar  succession  at  Betchworth  (see 
below). 

About  300  yards  west  of  Whiteways  End  House,  2J  miles  east  of 
Farnham,  a  shallow  but  important  section  was  seen  in  a  small 
quarry  as  follows  :—  ^^    j^^ 

Soil l'   o' 

pt    iL-  viq«i       /Chalk  Marl,  soft,  but  with  hard  rubbly  fragments 
^.naiKMan.     |     -^Am.  [SMo€nbachm]varian8        -        -        -     1     6 

{Soft,  very  glauconitic  sandy   marl,  with  many 
brown  phosphates,(a  phosphate  cast  olAvicufu 
grt^phcvouies)     -       -        -        -        -        -        -10 

UpperGreensand.  —  Greyish-brow^n  sandy  marl-        -        -        -        -    1     2 

The  grey  sandy  marl  is  quite  dilFerent  from  that  underlying  the 
Chalk  Marl  to  the  eiistward,  but  is  identical  with  that  under- 
lying the  Chloritic  Marl  in  Hampshire,  and  the  reappearance  of 
phosphatic  nodules  is  noteworthy. 

Chalk  3/ar J.— There  are  few  exposures  of  the  Clialk  of  Ibis 
zone.  Mr.  Caleb  Evans  notices  "  dark  grey  (!'halk  Marl,  and  also 
bloclvS  of  yellowish  Chalk,"  in  the  debris  thrown  out  from  the  shafts 
of  the  tunnel  north  of  Oxted  Station.*  He  continues:  "The  light 
grey  and  yellowish  chalk  is  liard,  and  shows  little  approach  to 
marl.  It  contains  in  abundance  c^st«  of  Am.  [Schhumbachia] 
varians  and  of  Iiwceramu^."  The  hard  Wocks  were  probably  the 
concretionary  nuiases  near  the  base  of  the  ('■halk  Marl. 

A  small  disused  quarry  about  a  mile  east  of  Merstham  exposes 
greyish- white  Chalk  with  Am.  [Schloenbach  ia\  mrians.  The  section 
near  Reigate  has  l)een  given  above. 

The  Ixise  of  the  Chalk  Marl  is  also  exjDosed  in  a  quai-ry  one-third 

of  a  mile  north-east  of  Betchworth  Station,  close  to  the  high  road. 

In  1896  the  section  was  iis  follows  :—  ,.    . 

ft.  in. 

Soil  and  rubble 3  0 

Chalky   rubble     ---.-..        o  (3 

Chalk         J  Marly  chalk,  very  much  broken  up  -  4  0 

^'— '  Marly  whitisli-grey  chalk,  with  bard  masses,  dis- 

turbed and  broken,  Am.  [Sc/ii  ]  van'ans,  Am. 

[*SVA/.]  Conpeiy  Tarrilites costattis,  and  tuberculalus  6  0 


Marl. 


*  On  some  sections  of  the  Chalk  between  Croydon  and  Oxted,  Geol, 
Assoc,  p.  27,  January,  1870. 
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Chloritir  Marl  /^^ff-grey  marly  chalk,  passing  rapidly  to  grey       ft.  in. 

I     very  glaucouitic  marl ;  no  division  possible    -        3    6 

Gree^nsand.    }^*^°^  grey-green  glauconitic  marly  sand   -       -      10    0 
The  upper  part  of  this  zone  is  exposed  at  the  bottom  of  the 
large  quarries  at  Brockham,  where  a  bed  of  hard,  compact  chalk 
has  yielded  Am,[Sckloenb(ichia]  varians,  Am.[Acanth.]  rotomagensis, 
and  Anisocerds  armatus. 

Zone  of  Holaster  Subglobosus. 

The  upper  beds  of  the  Lower  Chalk,  and  the  base  of  the  Middle 

Chalk  are  seen  at  the  northern  entrance  of  the  tunnel,  between 

Warlingham  and  Oxted.    Mr.  Caleb  Evans  describes  this  chalk  as 

the  "  Upper  Marden  Park  Beds."    The  chalk  seen  in  this  cutting 

is  chiefly  the  base  of  the  Middle  Chalk,  but  near  the  timnel  some 

20  feet  of  the  Low^er  Chalk  is  exposed.    The  sides  of  the  cutting  are 

not  easily  accessible,  and  the  following  section  was  taken  by  Mr. 

Hill  a  little  distance  north  of  the  entrance  to  the  tunnel :  —        ft.  in . 

MiddleChalk.— Hard  rough  nodular  chalk— Mellx)urn  Rock        8    0 

'  Yellowish-grey  laminated  marl,  with  lenticu- 
lar beds  of  hard  white  chalk,  Actinocamax 

plenus 10 

*Hard  yellowish-grey  marly  chalk,  weather- 
ing in  thin  platy  pieces,  with  marly  con- 
choidal  fracture,  Actinocamax  plenus      -        3    6 

^ svhalobosus         /"Firm  whitish  chalk,  seen  for  about     -        -        10  0 

The  large  Oxted  quarries  just  east  of  the  southern  end  of  the 
tunnel  show  some  50  feet  of  the  upper  part  of  the  Lower  Chalk ;  but 
the  Belemnite  marl  was  not  accessible  at  the  time  of  our  visit. 

In  the  large  quarries  nprth  of  Merstham  Station  about  70  feet 

of  the  I^wer  Chalk   is  exposed.    The  Belemnite  marls  are  seen 

about  two-thirds  of   the  distance  up  the  quarry  face,  and  below 

them  is  w  hitish  clialk  some  50  feet  thick  passing  down  to  greyer 

and  more  marly  chalk.    The  section  is  as  follows  :  — 

Soil  and  rubbly  clialk 

Firm   white  chalk   (Jnoceramua   mytiloides)  streaked 
and    veined  with  greenish-grey,  weathering  along 
the  veins   into  thin  platy   pieces   (Rhyn.  Cuvieri) 
A  massive  course  of  smoother  chalk 
Hard  rough  nodular  chalk,  streaked  and 

veined  with  green-grey  marl    -        -        -        3    G 
A  massive  course  of  liard   nodular    rock 
nodules,  creamy  white,  separated  by  veins 

of  green-grey  marl 2    0 

,  Grey  laminated  marl,  with  lenticular  layers 
of  hard  white  chalk  ;  the  hard  white  mate- 
rial   predominates     in    the    lower    part 
Subzone  J      {Actinocamax  plenus  is  coxmnov)       -        -        16 
g  <  oi  Act.    I  Rather   hard   greyish-white   marly   chalk, 
I     plenum,    I     weathering  in  thin  laminae,  or  platy  pieces, 
M  ^     fracture  conchoidal  {Act.  plenus)      -        -        3    6 

Whitish  chalk,  for  about  -        -       •       -       -      50    0 

Passing  into  greyer  and  more  marly  chalk,    seen  for         20    0 

*  These  sections  were  e^poia^d  in  very  dry  Weather. 
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Holasf^r  subglobosua,  Pecten  Beaveri,  Terebratula  biplicata,  Ter. 
semiglobosa,  fish  teeth,  all  occurred  in  the  lower  and  greyer  part  of 
the  Chalk.  The  Belemnite  Marls,  with  some  50  or  60  feet  of  the 
Lower  Chalk,  can  be  seen  at  Messrs.  Farrington's  quarry  at  Beigate. 

• 

Another  fine  section  through  this  zone  occiurs  at  the  Dorking 
Greystone  Company's  pit  at  Betchworth  Station.  At  the  time  of 
our  visit  the  quarry  presented  a  perpendicular  face  estimated  about 
175  feet,  about  half  of  which  was  in  Lower  Chalk.  At  the  western 
corner  of  the  quarry  fresh  workings  exposed  about  10  feet  of  the 
Lower  Chalk  and  the  Belemnite  Marls.  The  marls  here  proved  to 
be  10  feet  thick  ;  at  the  top  was  softish  grey  laminated  marl,  with 
lenticular  beds  of  hard  white  chalk ;  the  basal  8  feet  were  of  solid 
massive  character,  breaking  with  well-marked  conchoidal  fractiu'e. 
The  characteristic  fossil  ActiTwcaraax  plenus  was  conmion. 

Brockham  quarry,  which  almost  joins  that  of  Betchworth,  pre- 
sents the  same  features,  and  has  nearly  as  high  a  face. 

A  similar  section  occiurs  at  the  old  Dorking  Umeworks,  just  north 
of  Dorking  Station.  The  Belemnite  Marls  are  seen  at  the  top  of  this 
quarry,  which  exposes  70  feet  of  Lower  Chalk,  the  upper  45  to 
50  feet  nearly  white,  the  lower  part  grey  and  more  marly. 

A  long  narrow  quarry  one  mile  west  of  Warren  farm  and  1 J  miles 
south-east  of  Guildford,  exposes  Lower  Chalk  with  the  Belemnite 
Marls.  The  Chalk  dips  north  at  a  very  high  angle,  and  no  measure- 
ments could  be  taken.  On  the  south  side  whitish  chalk  with 
several  impressions  of  a  large  Ammonite  occurred.  On  the  north 
side  there  is  similar  chalk  overlain  by  buff  grey  chalk  with  Acti- 
nocamax  plenus. 

The  upper  part  of  the  Lower  Chalk  is  exposed  again  at  Scale 
Lime  Works ;  aljout  35  feet  of  it  are  seen  below  the  Belemnite 
Marls,  which  are  here  5  feet  thick. 

Again,  at  the  lower  Victory  quarry,  three  miles  east  of  Farnham, 
the  upper  part  of  the  Lower  Chalk  is  seen,  but  though  the 
Melbourn  Rock  occurs  at  the  base  of  the  upper  quarry,  and 
only  a  roadway  separates  the  two  pits,  the  Belemnite  Marls  are  not 
exposed. 

The  following  list  of  fossils  must  be  regarded  as  merely  a  first 
attempt  at  a  zonal  list  of  the  Lower  Chalk  fossils  of  Surrey,  for 
though  many  good  fossils  have  doubtless  been  obtained  at  various 
times,  the  only  published  list  known  to  us  is  that  by  Mr.  Caleb 
Evans.  It  is  assumed  that  most  of  his  "  Lower  Marden  Park  " 
fossils  came  from  the  zone  of  Am.  varians,  and  to  these  have  been 
added  such  fossils  as  were  found  by  Mr.  Hill  and  Mr.  G.  E.  Dibley. 
Localities  are  indicated  thus :  o=;Oxted,  6=Betcbworth  and 
JJrockham,    ff=Guildford. 
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List  of  Fossils  from  Lower  Chalk,  Surrey. 


Zone 

Zooa 

of 

ofH. 

Am. 

■ob- 

vurians. 

globo8iis. 

Betemnita 
3fwL 


» 


a 


Pisces. 
Ptychodua  decurrens,  Ag,     -       -  -       - 

»>         polygyrus,  Ag.     -  -       - 

Cephalopoda, 
ADimonites  [Haploceras]  Austeni,  Sharpe    - 

Acanthoceras]  navicularis,  ManU    - 
•,  ]  rotomagensis,  Brongn. 

'Schloenbachia]  varians,   Sow.      -    - 
„  ]Coupei,  Broiign. 

sp.  Oarge) 

\nisoceras  armatus,  Sow, 

Scaphites  sequalis,  Sow, 

Turrilites  costatus,  Lam, 

„  tuberculatus,  5o«c.  -  .  .  . 
Actinocamax  plenus,  Blainv,  -  -  -  - 
Nautilus  deslongchampsianus,  d*Orb, 

„        elegans,  Sow, 

Gasteropoda, 

Pleurotomaria  sp.  -       - 

Solarium  granosum  1  d'Orb,         -       -       -        - 
Trochus  or  Littorina 


Lamellihranchiata, 
Cardita  tenuicosta,  Sow, 
Exogyra  haiiotoidea  ?  Sow,     - 
laoceramus  latus,  d'Orh^  iion  Mant, 

„  sp.       .       -        -       - 

Lima  elongata,  Sow,     -       -       - 

„ .  globosa,  Sow,      -       -       - 
Nucula  sp.    - 

Pecten  Beaveri,  Sow,     -       -       - 
Plicatula  inflata,  Sow, 

,,        sigillina,  'Woodw,    - 


Bra^hiopoda, 
Rhynchonella  Martini,  Mant, 

„  sp. 

Tercbratula  biplicata,  Sow.  -       -        - 
„  obesa,   Sow,      -        -       - 

„  semiglobosa,  Sow,     - 

Terebratulina  gracilis (?  triangularis  Eth,) 
„  striata,    Wahl, 

Crustacea, 
Enoploclytia  sussexiensis,  Mant.  - 
PoUicipes  sp. 


Echinodeimata. 
Discoidea  cylindrica,  Lam,    - 
Holaster  subglobosus,  Z««A:«  - 
laevis,  de  Zwc 


o 
o 


o 


o 
o 
o 


o 

o 
o 
o 
? 


I* 


o 
o 

o 
o 


b 
b 
b 


b 
b 


o 
o 


b 

g 


g 


o 

o       g 

b 

o  b 
o 

b 


b 
b 

o       g 
o  b 


o 


o 


o 


LOWEB  CHALK— HAMFSHIBE.  Ol 


CHAPTEB  V. 

•  •    * 

THE  LOWER  CHALK  IN  HAMPSHIRE. 

Genebal  Description. 

The  outcrop  of  the  Lower  Chalk,  when  it  entei's  Hampshire  a 
httle  west  of  Farnham,  begins  to  widen  out ;  the  dip  of  the  beds 
lessens  in  amount,  and  changes  in  direction  from  a  noi-therly  one 
to  north-westerly  and  finally  a  westerly  one.  In  consequence  of 
these  changes  the  tract  occupied  by  the  Lower  Chalk  passes  south- 
wards by  Froyle,  Alton,  Farringdon,  Newton- Valence,  Froxfield, 
and  East  Meon.  East  Meon  is  situated  on  the  southern  antichnal 
axis  of  the  Wealden  area,  an  axis  which  is  prolonged  westward 
through  Winchester,  and  to  the  south  of  this  anticline  the  beds, 
of  course,  dip  southward.  Consequently  at  East  Meon  the  strike  of 
the  Lower  Chalk  changes  its  direction  again  and  runs  eastward 
below  Ramsdean  Down  to  Buriton,  and  thence  into  Sussex. 

So  far  as  we  can  judge,  from  the  position  of  the  Belemiiite  Marl 
on  Stoner  Hill  north-west  of  Petersfield,  with  reference  to  the  base 
hne  of  the  Clialk  drawn  by  Mr.  Hawkins,  the  total  thickness  of 
the  Lower  Chalk  in  Hants  is  about  200  feet.  A  boring  made  for 
the  Local  Board  at  Ashdell,  Alton,  in  1882,  and  published  by  Mr. 
Whitaker  Ls  given  as  follows  :  — 

Ft.      Depth. 
Well  dug  in  chalk      -        -        -        -  -     140        140 

Lower  chalk  and  grey  chalk     -        -       -  -      68        208 

Chalk-Marl       -  ...       -   probably      50        258 

Chloritic  Marl „  10        268 

Malm  rock 80        348 

Gault-  ...        -  -     1.50        498 

Qault  {1  partly  hard  Lower  Qreensand)   -        -        -      42        540 

As  the  railway  cutting  close  by  is  in  Melbourn  Rock,  the  thick- 
ness ascribed  to  the  Lower  Clialk  (258  feet)  seems  great.  Possibly 
the  Chalk  ends  at  208  feet,  and  the  beds  below  down  to  348  feet 
belong  to  the  Malmstone. 

The  only  person,  prior  to  1875,  who  paid  any  attention  to  the 
Lower  Chalk  in  Hampshire  was  the  late  Mr.  W.  Curtis,  of  Alton, 
who  collected  many  fossils  from  the  quariies  in  the  neighbourhood 
of  Alton  between  1850  and  1860.  These  fossils  are  preserved  in 
the  Museum  at  Alton.  It  is  stated  in  the  Geological  Survey 
Memoir  on  Sheet  12  (old  series,  1862),  that  Mr.  Curtis  had  found 
the  "  Chalk-Marl "  susceptible  of  division  into  three  parts :  by 
Chalk-Marl  it  is  probable  that  the  writer  meant  the  whole  of  what 
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is  now  called  Lower  Chalk,  and  the  three  parts  are  thus  described : 
"  The  base  of  the  series  is  composed  of  a  loose,  pale  grey  marl  with 
beds  and  concretions  of  a  harder  substance,  and  in  some  parts  it 
is  quite  of  a  blue  colour.  Above  it  a  white  marly  chalk,  resembling 
Upper  Chalk,  is  overlain  by  a  very  hard  dark  green  marl  which 
is  quarried  at  Wilsham."  Wilsham  is  the  name  of  a  small  hamlet 
half  a  mile  east  of  Alton  and  just  below  the  outcrop  of  the  Melboum 
Rock ;  there  are  old  quarries  there,  and  thus  it  seems  most  prob- 
able that  the  dark  green  marl  seen  by  Mr.  Curtis  was  the  zone  of 
Actinooarruix  plenus.  If  so,  the  succession  w^hich  he  describes  is  a 
perfectly  correct  one,  and  is  true  for  the  whole  of  Hampshire.  Vvo- 
fessor  Barrois  who  visited  Alton  and  the  neighbourhood  in  1875, 
formed  the  same  idea  of  Mr.  Curtis's  observations,  and  added  some 
notes  of  his  own.* 

The  Main  Outcrop. 
Zone  of  Ammonites  varians. 

ChlorUic  Marl.— The  existence  of  a  phosphatic  bed  at  the  base 
of  the  Chalk  in  the  north  of  Hampshire  was  first  made  known  by 
Messrs.  Paine  and  Way  in  1848.f  They  describe  it  as  a  bed 
about  3  feet  thick,  consisting  of  a  green  marl  more  or  less  siliceous 
(i.e.,  sands),  and  abounding  in  organised  fossil  remains.  The  fossils 
were  not  evenly  dispersed  throughout  the  stmtum,  "  but  often 
lie  in  most  irregular  heaps ; "  their  principal  constituent  is  phos- 
phate of  lime,  and  the  marl  itself,  even  when  the  fossils  and 
nodules  have  been  sifted  out,  often  yields  on  analysis  from  10 
to  15  per  cent,  of  phosphate  of  lime. 

In  their  exploration  of  the  bed  they  describe  it  as  occurring 
on  the  north-west  side  of  Farnham  below  the  Castle,  and  running 
in  a  W.S.W.  direction  through  Beaver's  Hill  and  the  central  part 
of  Dippen  Hall  Farm,  and  thence  to  Bentley.  From  Bentley 
"  the  phosphoric  band,  proceeding  in  a  south-west  direction,  may 
be  traced  to  Froyle,  in  which  parish  it  crosses  the  Southampton 
road;  it  then  continues  with  the  same  l)earing  till  it  crosses  the 
River  Wey  below  Alton,  and  is  traceable,  though  occiisionally  much 
obscured  by  diluvial  detritus,  to  Worldham.  Here  there  is  an 
inunense  longitudinal  quarry  about  15  feet  in  depth,  from  which 
at  some  remote  period  thousands  of  loads  have  been  removed." 

With  respect  to  the  phosphatic  nodules  themselves,  they  describe 
them  as  of  three  kinds.  The  first  includes  fossils  of  various  sorts, 
fine  specimens  "  of  the  siphonia  pyriformis  and  of  other  alcyonites 
are  profusely  abundant,"  together  with  "  quantities  of  large  amor- 
phous spongoid  bodies,  which  possess  a  general  uniformity  of 
structure."  They  also  found  a  peculiarity  in  this  class  of  fossils,  for 
not  only  do  they  difl'er  greatly  from  each  other  in  chemical  com- 
position, and  especially  with  respect  to  the  afftount  of  phosphate 
of  lime  they  contain,  but  they  also  vary  in  their  own  component 

*  Recherches  sur  le  Terr.  Cr^t.  Sup.,  1876,  p.  44. 

t  See  Joiirn.  Boy.  Agric.  Soc.,  Vol.  ix.  p.  75,  and  Vol.  xii.  p.  544. 
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parts,  their  outer  part  being  richer  in  phosphate.  A  large  specimen 
of  one  of  these  hard,  solid  spongoid  bodies  was  divided  into 
soctionsi  which,  on  being  analysed,  gave  the  following  results  :— 

«  .    .  r32'27— phosphate  of  lime. 

Juctenor  -    -  i  61 -71 -carbonate  of  lime. 

r  .  ,.  .  (13 '87— phosphate  of  lime. 

Intermediate  (ev- 14 -carbonate  of  Ume. 

rnf^-^r^i.  / 10  •  26 — phosphate  of  lime, 

interior   -    -    \69-17~carbonateoflime. 

proving,  as  he  remarks,  that  the  phosphoric  acid  was  external  in 
its  origin. 

"  Another  abimdant  supply  of  phosphate  of  lime  is  derived  from 
shapeless  limips  of  various  sizes.  They  are  always  of  a  hght  red- 
dish-brown colour ;  when  first  dug  they  are  very  soft,  and  never 
attain  a  greater  hardness  than  that  of  soft  white  chalk.  Their 
specific  gravity  is  small  compared  with  the  other  nodules.  •  .  . 
These  lumps  are  invariably  rich  "  (in  phosphate).    » 

"  But  there  is  another  description  of  organic  remains  which  are 
found  in  still  greater  profusion.  They  consist  of  very  dark  brown 
lumps  of  every  form  and  size,  some  are  microscopically  small,  others 
attain  the  weight  of  three  and  four  pounds :  they  are  both  heavy 
and  hard.**  They  remark  that  this  substance  must  once  have 
existed  in  a  soft  plastic  state  **  since  many  of  them  are  agglutinised 
to  the  surfaces  of  the  syphoniae,  corals,  shells,  teeth,  and  wood  which 
occur  with  them. " 

They  give  analyses  of  several  samples  of  these  phosphates  which 
will  be  reproduced  in  a  later  volume. 

At  the  present  time  no  phosphates  are  dug,  and  there  are  now 
few  places  where  the  bed  can  be  seen,  but  twenty  or  thirty  years  ago 
a  good  section  was  exposed  in  a  quarry  recorded  by  Mr.  Topley  and 
stated  to  be  half  a  mile  north-west  of  Week  Green  (Wych  House  ?). 

This  quarry  is  about  a  mile  south-east  of  Holybourne,  and  is  now 
(1896)  part  of  a  small  wood  overgrown  with  trees  and  slirubs,  but 
by  clearing  the  south-east  corner  Mr.  Hill  obtained  the  following 
section  :— 

ft.  in. 

{Hardish  white  marly  chalk,  passing  rapidly 
down  to  a  very  glauconitic  marl— Aw. 
[Schloenbachia]  Coupei      -        -        -^  4    0 

[Firm,  very   glauconitic   marl,   with   many 
p, ,    .  .      J     brown  phosphates  and  large  calcareo-sili- 
U  ^V        )     ceous  lumps,  brownish-grey  interiorly,  but 
^^^^'  with  a  paler  rind,  as  lajge  as  a  double  fist— 

I     A vicula  gryph(Boid€8B.nd  a,  \9,Tge  Nautilus     1     6 
Upper        TGrey-brown  silty  or  sandy  marl  into  which 
Greensand.    \    the  glauconitic  material  above  is  piped      -    1    6 

7     0 

Some  three  miles  farther  south  a  similar  i^tion,  showing  a 
decided  increase  in  the  thickness  of  the  Chloritio  Marl  occurs  at  a 


Chalk  Marl.  ( 
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quarry  half  a  mile  south  of  Barleywood  Farm,  and  about  a  mile 
E.N.E  of  Farringdon. 

ft.  in. 

Soil -  -    1    0 

Chalk  rubble 4    0 

Whitish-grey  (very  dry)  marly  chalk,  with 

hard    masses    arranged   in   layers— Aw. 

[Schloen.]  varians,  Ehynck.  grasiana,  Ter. 

semiglobosa  ;  passing  down  to  the  next        2    6 

Firm    micaceous    glauconitic    sandy    marl 

^, .    .  .        .      with  brown  phosphates  andlarge  calcareo- 

m"V^     V      phosphatic  lumps  Am.  [»SVA/ocn.]  variants, 

Marl.  Avicula  gryphceoides,  Plicatula  gurgitis 

I     and  a  large  Nautilus 3    6 

Upper         rSoft  grey  silty  and  sandy  marl  into  which  the 
Greensand.    \     glauconitic  material  is  pii>ed    -        -  10 


12  0 

The  junction  beds  are  also  exjx)sed  at  Water  Lane  aquarterof  aniile 
due  east  of  Truncheaunt's  Farm,  but  the  section  is  not  very  clciir. 
The  junction  of  the  Chalk  and  Upper  Greensand  has  not  l^een 
olyserved  again  between  this  point  and  where  a  "  green  way " 
meets  a  cross  lane  at  right  angles,  330  yards  W^.N.  W.  of  Twenty  ways 
Farm,  near  Ramsdean,  some  1^  mile  due  east  of  East  Meon. 
Here  the  bright  greensand  of  the  Upper  Greensand  is  capped 
by  a  bed  of  hard  concretionary  masses,  containing  Am.  [Schl^ 
varians  and  another  species,  and  above  this  a  pale  grey  very 
glauconitic  calcareous  marl  is  seen  to  pass  up  to  Chalk  Marl. 
This  exposure  is  partly  in  a  hedge  bmk  and  partly  in  a  shallow 
ditch,  where  running  water  has  cleared  the  sm-face  soil. 

Fragments  of  concretionary  masses  full  of  Am.  [Schl.^  varians 
were  seen  in  hedgerows  and  ploughed  land  between  this  point  and 
Buriton  on  the  line  indicating  the  summit  of  the  Upper  Green^Jand 
on  the  maps  of  the  Geological  Survey. 

Chalk  Marl.  — There  is  no  quarry  in  Hamixsliire  which  oxhibils 
any  considerable  section  of  the  Chalk  Marl. 

About  a  mile  north  of  Eentley  in  Lock's  Grove  plantation,  Mr. 
C.  E.  Hiiwkins  saw  much  jointed  marly  chalk,  and  in  Black  Acre 
copse,  a  quarter  of  a  mile  noi-th-west  of  Bentley,  rather  sandy  marly 
chalk  was  noticed,  but  there  was  no  section. 

Dr.  Barrois  (op.  cit.,  p.  49)  records  thatatNeatham,  near  Holy 
bourne,  he  saw  several  metres  of  bluish-grey  argillaceous  marl 
crumbling  down  quickly  on  exposure  to  the  air,  but    containing 
many    small    brachiopods,   especially    Rhynchonella    mantelliaiiu 
and  Terebratulina  striata. 

A  large  quarry  on  the  W^eatham  Hill,  two  miles  north  of  Peters- 
field,  shows  beds  which  probably  belong  to  the  higher  part  of  this 
zone.    They  are  as  follow : — 
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ft.  in. 

Soil       ,-  -  -  

Greyish  (wet)  rather  marly  chalk 

Greyish  rather  marly  chalk,  mottled  with  large  patches  of 

bluish-gre^ 

Hard  grey  sandy  chalk,  TerebiuttUa  hiplicata      -        -        - 
Softer  chalk,  mottled  with  large  patches  of  bluish-^ey  - 
Hard  grey  chalk,  Am.  [AcantAoceras]  rotomiagensu 
Bluish-grey  marly  chalk,  passing  down  to  greyer  chalk  - 
Grey  firm  chalk  slightly  mottled  with  bluish-grey    - 
Massive  firm  marly  chalk  mottled  with  large  patches  of 

bluish-grey         --  -  --150 

55     0 

In  the  quarry-like  cuttings  by  the  side  of  the  road  which  leads 
from  Petersfield  to  Portsmouth  between  War  Down  and  Butser 
Hill,  the  upper  part  of  this  zone  is  just  seen.  The  chalk  is  bluish- 
grey  in  colour  and  hard  and  soft  layers  alternate,  small  Brachiopods 
were  conmion,  and  there  were  casts  of  Ammonites  (?Am.  [SchL] 
varians  and  Am,  [Acanth.]  Mantelli), 

Zone  of  Holaster  subglobosus. 

Progressing  round  the  margin  of  the  Weald  from  Surrey  through 
Hami^shire,  the  tii'st  good  section  noticed  by  Mr.  Hill  in  the  upper 
part  of  the  Ix)wer  Chalk  was  in  a  quarry  about  a  quarter  of  a  mile 
^uth  of  Alton  station.  Tlie  basiil  10  or  12  feet  of  this  quarry 
is  in  grey  chalk,  wdiich  passes  up  to  hard  white  clialk,  of  this  some 
35  feet  is  exposed,  but  it  was  in  a  broken-up,  rubbly  condition, 
and  no  detailed  section  was  taken.  Immediately  above  the  main 
face  sllallo^^  workings  recently  opened  exposed  10  or  12  feet  more 
hard  white  clmlk,  but  nothing  like  the  Belemnite  Maris  wa{\ 
seen ;  though  the  late  Mr.  W\  Curtis  seems  to  have  seen  these 
marls  somewhere  near  Alton  (see  p.  57). 

In  a  small  disused  roadside  quarry  about  one-third  of  a  mile  S.S.E 
of  Alton  Station,  and  again  in  a  quarry  half  a  mile  N.N.E.  of  Far- 
ringdon,  a  grey  gritty  chalk  somewhat  like  Totternhoe  Stone  was 
exposed,  in  which  Pecten  orbicularis,  Kingena  lima ,' and  lih}jn- 
ckandla  grasiana  were  common,  but  there  were  no  Ammonites. 

In  a  disused  quarry  half  a  mile  wast  of  Hawkley  Church,  near 
where  some  talus  had  been  cleared  away,  a  similar  gritty  chalk 
was  exposed,  and  large  blocks  of  it  lay  about  the  quarry  floor.  Mr. 
Hill  found  the  same  fossils  with  the  addition  of  Pecten  elongafvs 
Terebratulina  sti^ta  and  Trochus  Buvignieri ;  there  were  al^u 
impressions  of  an  Ammonite. 

This  gritty  l)ed  appeal's  to  be  alx)ut  r)0  to  ()5  feet  below  the  Mel- 
bourn  Rock.  In  the  sjime  quarry  at  the  top  of  the  talus  slope 
about  ()  feet  of  rather  hard  whitish  chalk  was  exposed. 

It  is  stated  by  Dr.  Bjirrois  that  the  junction  of  the  zone  of  Holaster 
sul)glohosus  with  the  overlying  zone  of  Inoceramus  mytiloides  was 
visible  in  a  quarry  at  Chewton,  Fouth  of  Alton,  but  whether  this 
is  the  pit  at  Southfield  Farm  or  at  some  other  opening  we  are 
unable  to  say. 
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The  outcrop  of  the  marl  was  observed  in  1897  in  a  bye  road  cross 
ing  Ridge  Hanger  to  Stoner  Hill  two  miles  north-west  of  Peters- 
field  just  above  the  contour  line  of  600  feet. 

At  the  Ume  works  half  a  mile  north  of  Langrish  House,  three 
miles  west  of  Petersfield,  about  25  feet  of  firm,  whitish  chalk  is  seen. 
IVofeasor  Barrois  (op.  cit.,  p.  36)  notes  this  quarry,  and  records 
the  following  {oaa]\a:--Turrilites  costatxis,  Am.  [Acanih.]  rotoma- 
gcrisis,  Baculites  bdculoides,  and  Inoc.  striattis.  It  would  appear 
from  his  description  and  from  the  occurrence  of  these  fossils 
that  the  quarry  was  then  worked  to  a  lower  level  than  it  is  at 
the  present  time. 

In  the  quarries  which  adjoin  the  main  road  from  Petersfield  to 
Portsmouth,  as  it  passes  between  War  Down  and  Butser  Hill,  about 
three  miles  from  Petersfield,  50  or  60  feet  of  blocky  white  chalk 
is  seen,  and  this,  with  the  road  cuttings,  must  expose  nearly  the 
whole  of  the  upper  part  of  the  Lower  Chalk ;  the  Belemnite  Marls 
are  obscm*ed,  according  to  Mr.  C.  E.  Hawkins,  though  the  Mel 
bourn  Rock  can  be  identified  a  little  higher  up  the  hill. 

About  80  feet  of  the  upper  part  of  the  Lower  Chalk  is  seen  at  the 
large  quarries  at  Buriton,  but,  like  the  section  near  Butser  Hill, 
the  Belemnite  Marls  are  not  quite  exposed. 

In  all  these  quarries  the  chalk  is  unfossiliferous  and  uninteresting. 

The  Winchester  Inlier. 

The  inlier  of  Lower  Chalk  at  Winchester  is  a  small  area  on  the 
east  side  of  the  Itchen  Valley,  running  from  Bar  End  to  Chilcombe. 
Mr.  Ch.  Grifiith,  of  Winchester,  has  courteously  supplied  us  with 
the  following  particulars  and  lists  of  fossils  :  — 

"  There  is  a  large  pit  at  Chilcombe,  showing  the  upper  beds  of 
the  Lower  Chalk  overlain  by  the  Melboum  Rock  and  zone  of  Rhyvr 
chondla  Cuvieri.  The  band  of  Actinocamax  plentis  presents  two 
layers  of  grey  marl  with  a  bed  of  firm  chalk  between  them.  No 
fossils  have  been  found  in  the  marls,  but  in  the  central  bed  and  in 
the  chalk  immediately  below  the  lower  marl  there  are— 

Corax  heterodon.  Pccten  Beavcri. 

Ptychodus  dccurrcns.  Enoploclytia  sp. 

Actinocamax  plenus.  Rhynchonella  Cuvieri. 

Aporrhais  sp.  (]  Mantelli).  Discoidca  minima. 

Inoceramus  sp.  Pseudodiadema  sp. 

Ostrea  vesicularis.  Stephanophyllia  sp. 

"  The  zone  of  Holaster  subglobosiis  is  exposed  for  about  30  feet, 
and  consists  of  firm,  massive  chalk,  greyish  when  wet  but  drying 
white.  The  same  chalk  is  also  found  in  a  pit  recently  opened  at 
Bar  End,  where  it  has  yielded  the  following  fossils  :— 

Cimolichthys  lewesiensis.  Ptychodus  decurrens. 
Corax  falcatus.  „  mammLllarijB. 

Lamna  appendiculata.  ,  polygyrus. 

Scapanorhynchus  raphiodon.  Macropoma  sp. 

Oxyrhina  Mantelli.  Terebratula  semiglobosa. 

Protosphyraena  ferox.  Holaster  trecensis. 
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**  Another  small  pit  about  10  feet  above  the  last  has  yielded  a 
specimen  of  Actinocamax  'planus, 

**  A  well  sunk  by  the  roadside  between  Bar  End  and  Chilcombe 
reached  lower  beds  consisting  of  blue-grey  chalk  which  yielded 
Rhynchondla  Tnantdliana,  Plicatvla  pectvnmdes,  Lima  globosa,  and 
other  fossils.  More  recently  a  well  has  been  sunk  at  a  cottage  close 
to  the  quarry  at  ChilcOmbe,  going  to  a  depth  of  170  feet,  and  thus, 
without  doubt,  reaching  the  zone  of  Am,  varians!* 

The  Kingsclere   Inlieb. 

The  Lower  Chalk  forms  a  band  of  varying  width  round  the  Sel- 
bomian  outcrop  of  this  inlier,  and  a  good  section  of  the  central  and 
upper  beds  is  exposed  in  the  railway  cutting  south  of  Burghclere. 
I  am  informed  by  Mr.  F.  J.  Bennett  that  this  shows  marly  chalk 
at  the  northern  end,  above  which  comes  a  bed  of  grey  shelly  chalk 
much  resembling  the  Totternhoe  Stone,  and  above  this  some  thick- 
ness of  greyish  blocky  chalk.  The  following  fossils  were  obtained 
from  the  beds  by  Mr.  Rhodes  :  — 
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Ptychodusdecurrens,  Afif.          .       -       - 

«* 

_ 

X 

Beryx  8p.           .-..-- 

— 

— 

X 

Ammonites  [  Acan  th .  ]  rotomagensis,  Brongn. 
„  [Schloe nb.  1  varians,  iSow^. 
»  [       »>        J  Coupei,  Brewfim. 

X 

— 

— 

X 

— 

— 

X 

— 

— 

>,          sp- 

— 

— 

X 

Inoceramus  mytiloides  ?  Mant 

X 

— 

— 

»          sp- 

— 

X 

X 

Lima  globosa,  Sow.   -       -       . 

X 

- 

X 

Ostrea  vesicularis,  Lam.  -       -       -       - 

— 

— 

X 

Pecten  orbicularis,  Sow.            -       .       - 

— 

X 

— 

Plicatula  inflata,  Sow.             -       -       - 

— 

X 

~ 

Rhynchonella  grasiana,  (2'0r6.  -       -       - 

X 

- 

~ 

„           mantelliana,   Sow. 

— 

X 

— 

Terebratula  semiglobosa,  Sow.  -       -       - 

— 

X 

X 

Enoploclytia  sp. 

— 

— 

X 

Serpnia  umbonata,  Sow.     -       -        -        - 

— 

X 

X 

Cidaris  Bowerbanki,  Forbes     -        -       - 

— 

— 

X 

Discoidea  cylindrica,  Lam.     -       .       . 

1 

— 

X 

Holaster  sp. 

1 

— 

X 

Micrabacia  coronula,  Goldf.     -       - 

"~* 

X 
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CHAPTER  VI. 
THE   LOWER   CHALK   IN   SUSSEX. 

1.  West  Sussex. 
General    Description^. 

Sussex  being  a  long  county,  and  including  nearly  the  whole  of 
the  South  Down  range,  it  will  be  convenient  to  divide  our  deecrip- 
tion  of  the  Lower  Chalk  of  Sussex  into  two  portions.  We  shall 
regard  the  western  part  as  extending  from  the  boundary  of  Hamp- 
shire to  the  valley  of  the  Adur,  a  distance  of  about  26  miles. 

In  this  part  of  Sussex  the  features  presented  by  the  basset  sur- 
face of  the  Lower  Chalk  resemble  those  of  the  same  siu-face  in  Surrev, 
and  differ  from  those  of  the  Hampshire  outcrop.  In  other  words, 
the  outcrops  form  a  steep  slope,  except  near  the  base,  where  the 
Chalk  Marl  generally  runs  out  in  a  gentle  slope  or  plain  to  me^t 
the  inward  or  southward  slope  of  the  Greensand  terrace. 

With  respect  to  zonal  and  lithological  composition  the  Lower 
Chalk  of  this  region  may  bei  regarded  as  a  continuation  of  that  of 
Hampshire.  There  is  a  similar  bed  of  Chloritic  Marl  at  the  biso, 
overlain  by  a  certain  thickness  of  soft  gi'ey  crumbling  marl  which 
p:usses  up  into  bluish-grey  marly  chalk.  The  upper  becLs  consist 
of  white  blocky  chalk  crowned  by  a  bed  or  beds  of  firm,  greenish- 
grey  marl  (the  zone  of  Actinocamax  plenusX 

In  regard  to  thickness,  also,  there  seems  to  be  Uttle  change.  Mr. 
Reid  informs  us  that  he  considers  there  is  at  least  180  feet  of  chalk 
between  the  basement-bed  and  the  Belemnite  marl  at  the  top. 

Although  the  chalk  of  Sussex  has  yielded  many  fine  foasils,  and 
large  collections  were  formed  by  Dr.  Mantell  and  Mr.  Dixon,  yet 
these  collections  were  made  before  any  accurate  division  of  the 
Chalk  was  established.    Fossils  referred  bv  them  to  the  Chalk  Marl 

ft' 

m.iy  safely  b?  included  as  Lower  Chalk  fossils,  and  probably  most 
of  th^m  will  have  come  from  the  zone  of  Ammonites  inrians,  but 
the  Lower  Chalk  of  Mantell  and  Dixon  was  simply  the  more  solid 
chalk  without  flints,  and  consequently  included  part  of  the  Turonian, 
or  Middle  Chalk. 

Since  that  time  few  geologists  have  examined  the  Lower  Chalk 
of  Sussex,  and  the  western  part  of  the  county  has  l>een  quite 
ne^ilected.  We  are  not  aware  that  anvone  has  described  the  zonal 
succession  at  any  locality,  and  we  ourselves  have  not  had  time  to 
make  special  researches  in  this  area. 

The  whole  Chalk  area  of  Sussex  was,  however,  re-surveyed  during 
the  years  1889-1891  ])y  Mr.  C.  Reid,  who  drew  the  lines  for 
the  Chalk  Rock  and  Melbourn  Rock,  but  was  instructed  not  to 
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take  more  than  brief  notes  of  the  principal  exposures  in  the  Chalk. 
These  notes  have  been  placed  at  our  disposal.  Mi\  R.  M.  Brydone 
has  kindly  communicated  a  note  on  the  quarries  near  Duncton, 
and  Mr.  Hill  has  visited  the  quarries  near  Bury  and  Amberley 
in  making  a  traverse  down  the  valley  of  the  Arun.  From  these 
sources  the  following  account  has  been  drawn  up,  and  will  serve 
to  indicate  the  exposm-es  that  would  probably  repay  attention. 

Stbatigraphtcal    Details. 

There  is  a  quarry  near  Elstead,  on  the  north-west  side  of  Beacon 
Hill,  which  exposes  the  grey  marly  chalk  of  the  Ammonites  varians 
tone,  and  from  this  Mr.  Rhodes  obtained  some  fossils  (see  p.  67). 

In  road  cuttings  and  old  quarries  south  of  Heyshott  Mr.  Reid  saw 
the  following  succession:  — 

Melbourn  Bock. 

(Belemnite  Marl.  ] 

Coarse-grained  chalk.  ^    ,        '  *i    ' 

Massive  grey  chalk. 
Chalk  MarL 
Hard  sandy  glaucomtic  marL 
Greensand. 

The  **  coarse-grained  chalk "  was  exposed  in  the  roadway,  but 
not  in  the  quarries.  He  estimates  the  thickness  here  at  180  to 
200  feet. 

There  are  two  quarries  in  the  Lower  Chalk  south  of  Duncton 
Church.  The  lower  of  these  is  now  disused  and  talused,  but  Mr. 
Brydone  states  that  a  good  section  of  the  Chelk  Marl  was  formerly 
exposed  here,  and  that  he  obtained  many  fossils  from  it.  Writing 
of  them  he  says : — 

**  The  greater  number  of  the  fossils  came  from  the  lowest  band 
in  the  pit,  a  bed  of  dark  bluish-grey  marl  about  4  feet  thick,  soft 
when  wet,  but  drying  to  a  hard  marl,  and  having  a  notably  con- 
choidal  fracture.  Brachiopoda,  Serpula,  and  Onchotrochus  were 
especially  abundant  in  this  marl ;  other  fossils  were  less  common. 
Above  this  is  about  10  feet  of  lighter  grey  chalk  with  few  fossils, 
succeeded  by  a  bed  of  very  hard  chalk  mottled  in  light  and  dark 
grey,  and  containing  many  Cephalopoda." 

The  floor  of  the  pit  from  which  these  fossils  came  is  probably 
about  50  feet  above  the  base  of  the  Chalk. 

A  little  to  the  eastward,  and  about  100  feet  higher  up  the  slope, 
is  another  quarry  and  Umekiln  where  about  60  feet  of  chalk  are 
shown,  belonging  to  the  zone  of  Holdster  subglobosus.  The  species 
foimd  by  Mr.  Brydone  are  given  below,  but  he  says  that  fospila, 
except  OstreidcB,  were  scarce. 

Again,  in  the  lane  leading  up  West  Burton  Hill,  Mr.  W.  Hill 
saw  beds  of  greyish-white  chalk  alternating  with  beds  of  marly 
chalk ;  Am.  [SchZoenbachia]  varians  and  Am.  [Acanthoceras]  Man- 
tdli  occurred  frequently  at  a  spot  considerably  more  than  100 
feet  above  the  base  of  the  Chalk.    Ascending  the  lane  these  beds 
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f;ive  way  to  more  massive  lighter  colom*ed  chalk,  and  the  top  of 
he  Lower  Chalk  is  reached  a  little  to  the  north  of  the  tumuli, 
but  there  is  no  clear  section,  and  the  Belemnite  Marls  were  not 
seen. 

Mr.  Hill  found  the  upper  part  of  the  Lower  Chalk  exposed  in 
the  quarry,  half  a  mile  south-west  of  Bury,  but  in  the  face  now 
being  worked  a  slip  seems  to  have  occurred,  the  beds  being  dis- 
torted and  broken.  The  Belemnite  Marl  is  exposed  in  the  south- 
east corner. 

Mr.  Reid  saw  the  lower  part  of  the  Chalk  Marl  in  the  railway 
cutting  between  Amberley  and  Amberley  Station,  and  he  describes 
it  as  consisting  of  **  sandy  marl  and  hard  bluish  marl  containing 
imall  grains  of  glauconite  and  some  flakes  of  mica."  He  also 
remarks  that  "  between  Sullington  Hill  and  Bury  a  grey  sandy  or 
siliceous  chalk  appears  about  140  feet  below  the  Melboiu^n  Kock, 
and  almost  immediately  below  the  Grey  Clialk.  This  material 
seems  to  replace  part  of  the  Chalk  Marl  and  not  to  belong  to  the 
Greensand." 

The  following  note  is  by  Mr.  Hill :— Mi\  Pepper's  quarry,  about 
a  quarter  of  a  mile  north  of  Amberley  Station,  is  about  80  feet 
deep;  60  feet  of  this  is  in  massive  smooth  white  chalk,  passing 
down  into  greyer  chalk,  the  lowest  10  or  12  feet  being  in  courses 
divided  by  marly  bands.  Li  the  floor  of  the  quarry  a  narrow  work- 
ing disclosed  about  20  feet  more  of  grey  chalk  and  grey  marl  in 
alternating  courses.  No  fossils  were  seen,  nor  did  the  quarrymen 
possess  any.  • 

The  following  is  a  list  of  such  fossils  as  have  yet  been  obtained 
from  definite  zonal  horizons  in  western  Sussex.  Those  from  Elstead 
were  obtained  by  Mr.  Rhodes,  those  from  Duncton  by  Mi\  Bry- 
done. 

Fossils  from  the  Lower  Chalk  op  Western  Sussex. 


Aril,  varians  Zone. 


Elstead. 


Duncton. 


Hoi. 
subglobc- 
siis 
Amberley.'    Zone. 

Duncton. 


Fish. 

.Beryx  sp. 

Calamopleurus  anglicus,  Dixon  - 
CimoUchthys  lewesiensis,  Leidy  - 
Enchodus  lewesiensis,  Mant. 
Edaphodoji  Agassizi,  Buckl. 
Lamna  appendiculata,  Ag. 
Microdon  occipitalis,  Ag.    - 
Notidanus  microdon,  Ag, 
Tetrapterus  minor,  Ag. 
MollvMa. 


Am. 


%^ 


»> 


5» 


•  < 


Acanth.]  navicularis,  Mant. 
„   ]  rotomagensis,J5ronf77k 
Schloenb.]  varians.  Sow.  - 
„  Couijei,  Brongn. 

Bp.  -        -        - 
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Hoi. 

Am.  variaoa  Zone 

aubglobo- 

. 

siia 

EUtead. 

Duncton- 

Amberley. 

Zone. 
Duncton. 

J 

_ 

Scaphitra  lequ&lu.  Sow.      - 

Tnmlites  coBtatufl,  lom.     - 

tubercnlatuB,  Bote. 

Sautaus  elegaiu.  Sow.      -        ■ 

1 

- 

- 

Cerithium    (1  ornatianmum)    - 

X 

Natica  ap.   -       -        -       -        ■ 

PleuroUimariii  sp.      -       - 

- 

- 

- 

Solarium  sp.       -        ■        -        - 

EioKyraliilioUiidt'U,  Sow.    - 

- 

- 

X 

- 

- 

- 

ap.   -        -        -        - 

.      X 

lima  etongata,  Sow.     -        - - 

„     globosa.  Sow.     -       ■-  "  . 

- 

-" 

X 

Oateva  acutirostris,  Nitas.  - 

i,      vcsicularis,  Lam.     - 

J. 

- 

PectCD    Beaveri,   Sow. 

„       orbicularis.  Sow.  ■ 

- 

- 

z 

- 

z 

Plicatnla  iriflata,  Sow. 

z 

Iinu-lii4ii'Ala. 

KiDEenalima,Of/r.    -        - 

I 

- 

Magaa  Udnitw,  .SVW.^n/-.   ■        - 

Bbrnchuaella  grasiana,  d'Orb. 

- 

- 

X 

Marti..!,  Man(.     - 

z 

,,           dimidiata.  Sow.    - 

X 

- 

- 

Tenbntula  bipUcaU,  Soto.    ■    ■ 

X 

- 

- 

„            aquamosa  (1)  Mant. 
Ter«bratiilina  slriiila,  ffoA/. 

z 

z 

Arthvi-.l.,. 

PoUidpea  ap.                     -       - 

- 

- 

Serpula  ampiillacea,  Sow.  - 

,;        annnlata,7A«Mu- 

„        macropuB,  Saw.    ■ 

- 

- 

X 

„          plexus,  Sme. 

- 

- 

„            „  var.  gijfdialis  ^'j«»i. 

Kchinodermata. 

OsUiderma  mosaiciinij  Farbc»     - 

SmitkiK.  forAe*  -    - 

- 

_ 

- 

Oidaria  (spines)    -        -       -        - 

z 

1 

- 

Zchinocyphua  difficilis,  Ag-. 

- 

- 

- 

z 

Holaatcr  ap.       '       •       -       - 

^ 

X 

Pentacrinus  sp.  - 

X 

CmUaltratn. 

Onchotrochu«»erpentinu«,  Dwc. 

Ploojscyphia  labroaa  SmifA 

~ 

X 
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2.  Eastern  Sussex. 

Having  defined  Western  Sussex  as  that  part  which  lies  between 
Hampshire  and  the  valley  of  the  Adur,  we  have  now  to  follow  the 
Lower  Chalk  through  the  remaining  part,  which  lies  between  the 
Adur  and  the  coast  near  Eastbourne,  a  distance  of  about  30  miles 
along  the  outcrop. 

Eastern  Sussex  contains  many  classical  localities  for  Low-er  Chalk 
fossils,  but  no  one  has  collected  from  them  since  the  establishment 
of  zones  and  of  a  definite  Middle  Chalk  (except  along  the  coast) ; 
consequently  we  do  not  yet  know  the  exact  age  of  many  of 
Mantell's  types.  It  is  to  be  hoped  that  some  geologist  will  arise  in 
Sussex  who  will  follow  in  Mantell's  footsteps,  and  collect  carefully 
from  the  successive  zones,  so  as  to  ascertain  the  range  of  all  the 
fossils  which  have  been  figured  by  Mantell  and  Dixon. 

The  general  succession  of  the  beds  in  Eastern  Sussex  is  similar 
to  that  in  the  western  part  of  the  country.  There  is  a  certain 
thickness  of  soft  grey  chalk-marl  above  the  basement-bed,  but  its 
upper  limit  does  not  coincide  with  that  of  the  Am,  varians  zone,  for 
that  species  is  found  above  it.  The  zone  of  Holaster  svbglobosus 
consists  of  the  usual  blocky  chalk,  grey  below  but  lighter  above, 
and  nearly  white  below  the  Belemnite  Marls,  which  in  the  coifat 
section  have  the  unusual  thickness  of  about  15  feet. 

A. — Inland    Exposurea, 

The  following  information  is  taken  from  notes  by  Mr.  Reid  :— 

Between  the  river  Adm'  and  the  Devil's  Dyke  the  outcrop  of  the 
Lower  Chalk-is  very  narrow,  and  most  of  the  roads  down  the  steep 
slopes  of  the  escarpment  expose  sections.  Most  of  these  cuttings 
show  Chalk  Marl  overlain  by  grey  chalk. 

Clayton  tunnel  on  the  London  and  Brighton  Eailway  traverses 
the  greater  part  of  the  Lower  Chalk,  for  Chalk  Marl  is  seen  at  its 
northern  end,  and  the  cutting  at  the  south  end  shows  the  Belem- 
nite Marl  overlain  by  Melbourn  Rock. 

Massive  greyish  chalk,  belonging  to  the  middle  part  of  the  Lower 
Chalk,  is  seen  in  the  quarry  of  the  Cla}' ton  Limeworks. 

The  highest  part  of  the  Ix)wer  Chalk  is  exposed  in  a  quarr}-  near 
Plumpton,  five  miles  west  of  Lewes.  The  following  note  of  the 
section  was  taken  by  Mr.  W.  Hill  in  1897  \  — 

ft.  in. 
rHard  rough   nodular  much-broken    chalk— 

Middle  \       Inoc.  mytiloidts  and  Uhyiich,  Cuvieri  -  25  0 

Chalk.         I  Smooth,  hard  white  chalk     -        -        i^       -     1  9 

f  Marly  chalk 0  8 

Hard  whitish-grey  marly  chalk      -        -        -     1  0 

A  strongly-marked  band  of  dark  grey  marl       -    0  2 

Firm  greyish  marly  chalk      -        -        -        -    0  6 
Bed  of    dark  grey  marl,  but  not  so  strongly 

marked  as  that  above 0  3 

Firm  grey  marly  chalk  with  conchoidal  fracture, 
passing    gradually  to  firm  massive  whitish 

chalk 46 

Firm  massive  whitish  chalk     •       -  seen  for  25  0 


a 

Lower     /  .^ ' 

JO 
25 


Chalk.] 


\ 


^  J 
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It  will  be  seen  that  the  Belemnite  beds  are  here  divisible  into 
six  layers  of  marl  and  marly  chalk  and  that  the  lowest  bed  passes 
gradually  into  the  whiter  part  of  the  Lower  Chalk.  As  bracketed, 
the  thickness  of  the  Belemnite  beds  amounts  to  about  7  feet,  but 
the  grey  marly  portion  is  not  more  than  6  feet. 

The  beet  inland  exposures  of  the  Lower  Chalk  in  Sussex  are  those 
of  the  quarries  near  Lewes,  and  considering  how  many  of  Dr.  Man- 
tell's  fossils  were  obtained  from  the  Lower  and  Middle  Chalk  of 
Lewes  and  Glynde,  it  is  rather  siu*prising  that  no  description  of  these 
sections  has  ever  been  published. 

With  the  view  of  ascertaining  what  zones  were  represented  near 
Lewes,  Mr.  Bhodes  was  sent  down  to  collect  from  the  various  quarries 
and  especially  to  note  the  range  of  Am,  [Scidoenb.'\  variana  in  the 
Lower  Chalk.  The  following  account  is  drawn  up  chiefly  from 
the  notes  supplied  by  Mr.  Bhodes  :  — 

TheChalkMarlwith-4m.[fi»c/i.]txiria7isisexposedin  the  railway  cut- 
ting east  of  OflFham,  and  also  on  the  main  line  by  Hamsey  Place  Farm. 

Lewes  itself  Ues  in  a  syncline,  and  the  Lower  Chalk  comes  to  the 
surface  again  on  the  southern  side  of  the  hills  at  Kingston,  Souther- 
ham,  and  Glynde.  A  large  pit  to  the  east  of  Southerham  Farm, 
known  as  "  Southerham  Grey  Pit,'*  shows  about  70  feet  of  the  Lower 
Chalk,  with  a  dip  to  the  W.N.W.  The  lower  20  feet  consist  of 
alternating  beds  of  hard  grey  chalk  and  soft  marly  chalk,  and 
contain  Am.  [Schloenb.]  varians  and  other  fossils ;  they  are  succeeded 
by  beds  of  grey  chalk  with  partings  of  marl,  containing  Holaster 
9iibglobosu8,A7n,[Acanth,]Mantelli,  and  Am.[Acanth.]  Sussexi^risis, 

Another  large  quarry  adjoins  Glynde  Station,  and  shows  lower 
beds,  for  it  is  about  80  feet  deep,  and  the  lower  60  are  in  the  alter- 
nating beds  of  hard  and  soft  chalk  with  Am.  [Schloenb,]  varians, 
Inoceramus  latus,  Terebratida  bipHcata,  etc.,  while  the  upper  20 
feet  is  more  thickly  bedded  with  marly  partings,  like  that  at 
Southerham. 

Li  Mantell's  time  (1816  to  1836)  there  were  exposures  of  the 
Chalk  Marl  at  Hamsey,  Stoneham,  Middleham,  and  Bingmer, 
which  are  all  villages  or  farmsteads  to  the  north  and  north-east  of 
Lewes.  From  these  places  Mantell  obtained  most  of  his  Chalk 
Marl  fossils,  but  no  pits  are  now  open  at  any  of  them. 

The  following  is  a  list  of  fossils  from  the  Lower  Chalk  of  the 
neighbourhood  of  Lewes,  compiled  from  the  following  sources  (1) 
Mantell's  own  list  of  "  Chalk  Marl  Fossils  "  in  the  Trans.  Geol. 
Soc.,  Ser.  2,  Vol.  m.,  p.  208,  (2)  from  Dixon's  "  Geology  of 
Sussex  "  (Second  edition),  (3)  the  catalogue  of  Mr.  Willett's  collec- 
tion in  the  Brighton  Museum,  (4)  a  collection  made  by  Mr.  Bhodes 
for  the  Geological  Survey  in  1896. 

Li  Mantell's  list  of  **  White  Chalk "  fossils  there  are  a  few 
which  evidentiy  came  from  the  upper  and  whiter  part  of  the  Lower 
Chalk,  such  as  Am.  [Haploceras]  catiiivs  from  Southerham,  a  species 
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which  Sharpe  states  to  be  from  the  "  Grey  Chalk."  We  have  ther<J- 
fore  inserted  this  and  others  from  MantelFs  list  under  the  zone  of 
Hoi.  subglobosxASy  and  have  distinguished  them  by  s.  (Mant.)  if  from 
Southerham,  or  by  the  locaUty  in  full. 

Tlie  letters  in  the  list  stand  for  the  localities,  thus— 

h=Hamsey.  1= Cuttings  north  of  Lewes, 

m = Middleham.  n = Newtimber . 

r = Ringmer .  s = Southerham. 

c= Clayton  g=Glynde. 

Those  from  the  first  three  are  solely  on  Dr.  Mantell's  authority, 
and  we  have  entered  them  all  as  coming  from  the  zone  of  Ammo- 
nites varimia,  as  from  the  position  of  the  places,  and  from  his  oalling 
the  rock  "CSialk  Marl,"  it  seems  probable  that  they  came  from 
that  zone. 

List  of  Fossils  from  the  Lower  Chalk  near  Lewes. 


Zone  of  Am. 

Zone  of 

varians. 

Hoi.  sub- 
globosus. 

JieptUia. 

CheloDian  bones      .... 

• 

- 

c 

Coniasaurus  crassidens,  Oweti  - 

- 

- 

c 

Plesiosaunis  sp.      -  •       -r    ..  -       .-,  . 

.  r. 

.     i. 

8 

Pterodactylus  (Ornithocheirus;  Cuvkri,  Bowerb, 

n 

• 

Pisces. 

• 

;     • 

Acrodun  lilingsworthi,  Aff- 

• 

. 

8 

Beryx  microcephaius,  Ag.  (Ctenothrissa) 

- 

g  8 

„      radians,  Ag.  (Ctenothrissa) 

• 

- 

gs 

•1 

„      superbus,  Dixon  (Hoplopteryx) 

- 

- 

g  8 

■ 

Berycopsia  elegans,  Dixon 

- 

- 

c 

• 

Ce^tracion  canaliculatus,  Fg, 

. 

. 

C       8 

• 

Cimolichthys  iewesiensis,  Mant. 

a. 

• 

g 

• 

Corax  falcatus,  Ag.          .       -        . 

. 

. 

g 

Cceiorhynchus  cretaceiis,  Dixon     - 

- 

- 

c 

Dercetis  eiongatus,  Ag.  - 

- 

- 

g 

Edaphodon  l^einteUi,  Buckl.  - 
Encnodus  lewesiensb,  Mcmt.  - 

- 

- 

eg 

• 

w 

c 

Lamna  appendiculata,  Ag. 

- 

- 

g 

Notidanus  microdon,  Ag. 

. 

- 

g 

Oxyrhina  angustidens,  Reuss 

- 

- 

g 

„         Mantelli,  Ag. 

- 

- 

g 

Pachyrhizodus  Gardneri,  Mason     - 

- 

» 

g 

Portheus  Mantelli,  Newton     - 

- 

- 

g 

Plethodus  expansus.  Dixon 

- 

. 

eg  n 

„         oblongus,  Dixon     - 

- 

- 

c 

Pridnolepis  angustus,  Eg. 

- 

- 

c 

Protosphyraena  ferox,  Leidy  - 

- 

.« 

eg 

Ptychodus  decurrens,  Ag.       - 

- 

- 

g 

„          mammillaris,  ^</.    - 

^ 

. 

g 

Scapanorhynchus  sp.      -        -        - 

- 

. 

g 

Tomognathus  mordax,  Dixon  • 

- 

8 
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Zone  of  Am. 
varians. 


Zone  of 
Hoi.  sub- 
globosus. 


MoUu9C(l' 


Ammonites  [Haploceras 

[ 


9} 


»: 


99 
99 


99 
99 
»9 


Austeni,  Siiarpe 
catinus,  Mant, 
cinctus,  Mant, 
[Placenticeras]  complanatus,  ManU 
[Hoplites]  falcatiis,  ManU  - 
f  „  J  curvatus,  ManU 
[Schloenbachia]  goupilianus,  d'Orh, 
[ Acanthoceras]  Mantelli,  Sow, 

,^  ]  navicularis,   ManU 

„         jrotomagensis,  J^rongf. 
,,  ]  sussexiensis,  ManU 

fSchloenbachia]  varians  Sow. 
Prionotropis]  Woolgari  ?  Sharpe  - 
Actinocamax  lanceolatus,  Sow,  non  Schloth.  - 
Anisoceras  armatus,  Sow.  -  -  -  - 
Baculitesbaculoides,  if a7i<.(—obliquatus  Sow.) 
Crioceras  1  ellipticus,  ManU  -  .  -  - 
Hamites  attenuatus  ?,  Sow,  -  -  -  - 
„         alternatus,  ManU     -        - 

„         plicatilis 

Nautilus  deslongchampsianus,  d'Orb,     - 

elegans,  Sow.    -       -       -       -       - 

expansus.  Sow.  -        -        -        -        - 

fleuriausianus,  cfOrb.      -       -       - 

Scaphites  aequalis,  Sow, 

„  „      var.  obliquus,  Sow.    - 

TurriUtes  costatus,  Lam. 

gravesianus,  d'Orb.  -  -  -  - 
Mantelli,  Sharpe  -  -  -  - 
acheuchzerianus,  Bosc,  -  -  - 
tuberculatus,  Bosc.  -  -  -  - 
Aporrbais  Parkinsoni,  ManU  -       - 

Avellana  cassis  Id'Orft. 

Buccinumor  Columbellina  (?)  -       -       -       - 

Natica  sp. 

CEkSsidana  incerta  (Dolium  nodosum,)  Sow,    - 

Xenophorasp. 

Heurotomaria  perspectiva,  ManU   -       - 

„  „        var.  linearis,  ManU 

Scalaria  compacta,  Sow. 

Solarium  catenatum,  Sow.  -  -  -  - 
dentatum,  d^Orb.  -  -  -  - 
granulatum,  ManU  -  -  -  - 
omatum,  Sow.  -       -        -       -        - 

Trochus    --". 

Voluta  ambigua  (-=scmiplicata,  Gein.)  - 

Aviculasp. 

Area  sp. 

Oardita  sp.  ---.-. 

Exogyra  haliotoidea,  Sow.       .... 
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s.  (Mant.) 


8g 
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Steyning 


sg 


Clayton 


8.  (Mant.) 
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List  or  Fossils  fboh  thi  Lowkx  Chalk  dear  Lswbb.— com^ 


Zone  of  Am. 
vanaao. 

Zone  of 
HoL  sub- 
globoeua. 

Moihitea—Contd. 
Itioceramua  Cripsi,  Mant.       .       -        ■        - 

latus,  d'Orb.  (non  Mant.)    ■ 
„           UnULS,  ilanl. 

Lima  aspera,  if  anf 

„    elongata.    Sow.       -        .        -        -        - 
„    globosa.  Sow. 

Oalrea  frons,  Park. 

„      vcBiciilarU,  Lam. 

Peaten   Beaveri,  Sow.      -        .        -       -       - 
„     ortricularis,  SotP.    -        -       -       -       - 

h 

h 

B 

en 

K 

1 

8B 

"     (Neithea)  5-costatu8,  Sow.    ■ 

„           „      tripUcatua,  iSant. 
Pholadomj*a  decussata,  Phil.  .        .        -        - 

Pinna  deciissata,  Goldf. 

PUcatula  inflftta.  Sow. 

Scptifer  liiieatus,  A'ow.  (=Modiola)  ■ 

Teredo  amplusbiena,  Goldf.    .        ^        .        - 

Unicardium  ringmeriense,   Mant.  - 

h 

h  mg 

c 
c 
m  r 

s 

Brachvifxxtn. 
Kiiigjna  lima,  Dtfr. 

Rliynehonella   Rrasiana,   d'Orh.      - 

manteUiana,  Sow.     -        ■        ■ 

Martini,  Manl.  .        -        -        ■ 

„            rostrata.  Sow.  (uncertain  sp.)  ■ 

Terebratula  biplicata.  Sow.     -        -        -        - 

„          seniiglobosa,  Sow. 

„          sqiiamoBa,  Manl, 

1 

I 

li 

h 

B 

Annelida. 
Terebratulina  striata,  Wahl.    -        .        .        - 

Ditrupa  difformis.  Sow. 

Serpula  annulata,  Sow. 

„        plexus,   Sow. 

„       umbonata.  Sow. 

„              „        var.  Sowerbyi,  PkU.    - 

hag 

h 

1'  K 
1. 

Eckinodtrmata. 
Calliderma  Smithiw,  Forl>t»     .... 
Ciiiari8Bowerl«nki.A'ort*s      -        .        .        . 

l-idaria  Diioni.  Cott. 

Diseoidea  cylindrica.  Lam.  (Conulm  in  Maut,) 
Hobwter  subglobosua,  U»ke    -        -        .        . 
Peltaat^aclathratua,  ifff.  •        -        .        -        , 
Pscudodiadcma3p.(A'e/i!ni«iraj'a(,7,ji  ?  Manl.) 

h  n 

ni 

8 

h 

: 

Crmtacea. 

EMpIocIj-tia  Sussexicnata,  Mant.    - 

eg 

s.  (Uaiil.) 

Codenterata. 
PiblaBiis  crevensis,  Lon*d.       -        .        -        . 
Cr.itiijiilaria  Fittoni,  Mont.     .... 

b 
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The  following  notes  are  furnished  by  Mr.  C.  Reid  :— 

Marly  chalk  is  seen  near  Alciston,  and  in  the  escarpment  south- 
west of  that  place  there  is  an  exposiu*e  of  massive  whitish  chalk 
surmoimted  by  the  Belemnite  Marl.  At  Wilmington  the  central 
part  of  the  Lower  Chalk  appears  to  change  its  character,  and 
to  become  a  massive  firm  grey  chalk,  which  forms  a  distinct 
feature  along  the  escarpment,  sometimes  more  conspicuous  than 
that  of  the  Melboum  Rock  above.  This  facies  continues  eastward 
to  Eastbourne. 

Close  to  Folkington  Church  there  is  a  pit  in  this  massive  grey 
chalk,  and  300  yards  to  the  north-west  pink  chalk  is  seen  iii  the 
road.  About  50  feet  of  the  same  massive  chalk  is  well  shown  in  the 
Ocklynge  Chalk  Pits,  and  Chalk  Marl  can  be  seen  in  the  road  below. 

The  Belemnite  Marl  is  seen  in  the  chalk  pits  at  Ash,  and  also 
near  WilUngdon,  near  Southfields  above  the  Grove,  below  Butts 
Down,  and  in  the  chalk  pits  above  Jas  Combe.  As  the  base  of  the 
Chalk  is  also  exposed  near  Willingdon,  the  difierence  between  the 
heights  of  these  exposures,  as  shown  on  the  six-inch  maps,  gives 
about  200  feet  as  the  approximate  thickness  of  the  Lower  Chalk. 

This  estimate  of  the  thickness  of  the  Lower  Chalk  is  confirmed 

by  two  borings  made  at  the  Star  Brewery  in  Old  Eastbourne,  the 

site  being  about  50  yards  from  the  church,  and  not  far  below  the 

horizon  of  the  Belemnite  Marl.    The  older  boring  was  made  by  Mr. 

E.  B.  Paten,  of  St.  Albans,  and  is  said  to  have  traversed  202  feet  of 

Chalk  and  Chalk  Marl.    A  second  boring  was  made  in  1896,  and 

we   are  indebted  to  the  Rev.  W.  R.   Andrews,   for  the  following 

particulars  obtained  on  the  spot :  — 

ft. 

Chalk 200  j 

GreeDsand  and  rock 47  ►>. 

Qault  clays    -------.       261 

Qreensand  at         --.-^.-      503 

B, — The  Coast  Section. 

We  now  come  to  the  coast  section,  where  a  good  and  clear  exposure 
of  the  Lower  Chalk  might  be  expected.  This,  however,  is  unfortu- 
nately not  the  case,  for  the  clifis  between  Eastbourne  and  Beachy 
Head  are  broken  by  landslips,  and  show  also  signs  of  much  squeezing 
and  faulting,  so  that  it  is  impossible  to  take  a  continuous  section. 

Before  the  sea  wall  was  built  below  the  Wish  Tower  there  was  a 

good  section  of  the  lowest  beds,  and  the  following  account  of  it  lias 

been  communicated  by  the  late  Rev.  H.  E.  Maddock,  who  lived  for 

some  years  at  Eastbourne,  and  collected  largelv  from  the  Lower 

Chalk:- 

ft 
Chalk  with  green  coated  phosphatic  nodules  (Cast  Bed)      -  6  to  8 
Chalk     Marl     with    Am.    [i^MoenlHichia]    varians    and 

**  Braehiolttes "  at  the  base        -       -        -  about        30 

CUoritic  Marl  with  phosphate  nodulci       -  about  4  J 
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A  part  of  this  succession  can  be  seen  on  the  scar  west  of  the  Wish 
Tower.  The  Chloritic  Marl  is  a  greenish  glauconitic  chalk,  con- 
taining many  brown  phosphatic  nodules,  which  are  especially  numer- 
ous near  its  base,  where  the  rock  is  very  green  and  sandy ;  the 
upper  part  is  grey  and  less  sandy,  though  full  of  green  grains.  It 
contains  many  fossils  (see  list  on  p.  76),  and  Sta^uronema  Carteri 
is  not  rare. 

The  overlying  Chalk  Marl  is  soft,  grey  mottled  with  darker  grey, 
and  its  lower  part  contains  many  of  the  Sponges  which  were  formerly 
called  Brachiolit^iSy  but  are  now  known  as  Plocoscypkia,  Above  this 
soft  marl,  which  may  be  30  feet  thick,  there  is  a  layer  of  compact 
grey  shelly  chalk,  containing  scattered  green-coated  phosphatic 
nodules,  then  light  grey  chalk  with  large  patches  of  bluish-grey 
succeeded  by  another  bed  of  shelly  chalk  with  green-coated  nodules. 
The  nodule  beds  are  each  about  a  foot  thick,  an^  there  is  about  6  feet 
of  chalk  between. 

These  two  nodule  beds  with  firm  grey  chalk  between  them  are 
seen  again  below  Beachy  Head,  but  are  not  well  exposed  in  the 
cliff,  for  where  they  occur  there  are  several  faults.  Mr.  Hill,  how- 
ever, found  the  chalk  above  them  to  be  a  firm,  compact  Ught  grey 
chalk  in  thick  beds  about  18  feet  thick,  and  containing  Am.  varians. 
Above  this  50  feet  can  be  measured  of  hght  grey  chalk,  with  streaks 
and  patches  of  bluish-grey,  in  thick  beds,  which  the  wash  of  the 
sea  works  out  into  ridges.  These  beds  contain  Am.  [Acanthocercui] 
Mantdli,  Am.  [AcaiUh.]  rotom/igensis,  HolaMer  »ubglcbosvSy  and 
other  fossils  (see  list,  p.  76).  Hereabouts,  however,  some  chalk 
must  be  cut  out  by  slips  and  faults,  for  below  the  Belenuiite  Marls 
there  is  only  20  feet  of  firm  greyish-white  chalk.  Probably  a  thick- 
ness of  50  feet  is  wanting. 

The  Belemnite  marls  are  unusually  thick  near  Eastbourne ;  they 
are  well  exposed  both  in  Holywell  Bay  and  below  Beachy  Head. 
In  the  cliffs  of  the  Imv  the  marls  are  about  15  feet  thick,  and  con- 
sist  of  several  beds,  which  vary  in  thickness,  colour,  and  character 
within  short  distances.  On  the  eastern  side  they  comprise  an 
upper  and  lower  band  of  bluish-grey  marl,  with  a  central  course 
of  Ughter  grey  marl,  which  splits  into  large  angular  fragments. 

Near  the  water-course  of  the  Pumping  Station  Mr.  Hill  took  the 
following  measurements :  — 

ft.  in. 

Melboum  Eock— White  nodular  rocky  chalk      -        -        -  10    0 

^  /Smooth  grey  marly  chalk         -       -       -       -       -  1    3 
g    Firm  grey  marl  divided  into  thin  bed  by  seams  of 

g        shaly  marl 26 

^  I  Soft  dark  bluish-grey  marl,  passing  laterally  into 

'2  \     grey  marl from  8"  to  0    6 


a 

a> 


Massive  grey  marl,  with  varying  fracture,  some- 
times angular,  sometimes  conchoidal    -       -       -      7    6 

xBluish-grey  marl 36 

Firm  white  chalk  passing  up  into  the  above. 
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t'arther  west  the  band  is  in  two  tiedti  only,  tlie  up|)er  a  tiriii  grey 
marl  breaking  into  aquare  blocks  (8  feet),  the  lower  a  bluish-grey 
marl  (7  feet). 

Where  the  marla  come  down  to  the  l)each  undei'  Beachy  Head 
they  have  thickened  to  more  than  20  feet ;  this  section  m  shown 
in  ¥ig.  27,  and  the  band  consists  of  the  following  beds  :  — 

Fppt. 
Grey  marl,  weathering  into  rectanRuIar  slabs  -        -        -        -      fl 

BlaniTe  grey  marl,  splitting  conclioidnlly 3 

Dark  grey  marl,  breaking  into  nmall  m-tanKular  fmjnnents    12 


Fir  27.— View  of  the  junction  of  the  Loner  and  Middle  Chalk  below 
Beachy  Head.    Drawa  from  a  photograph  by  the  Rev.  W.  R. 
Andrews, 
a.   Lower  Chalk.       b.  Belemnite  Marls.       e.    Middle  Chalk. 


The  following  list  of  fossils  from  the  Lower  Chalk  near  Eastbourne 
is  based  upon  collections  made  by  the  Rev.  H.  E.  Maddock  during 
his  residence  at  that  place,  and  on  the  examination  of  a  collection 
from  the  Chloritic  Ifarl  made  by  Mr.  H.  G.  Fordham,  of  Odaey, 
Herts.  Nearly  all  the  species  were  identified  by  me,  but  most  of 
the  Sponges  were  seen  and  named  by  Dr.  Hinde. 
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LuT  or  Fossils  from  the  Lowbb  Cralk  or  Eastbodkhe. 
*  The  Gdumiu  numbered  1  to  5  repreaent  the  divisions  adopted  br  Hr. 
Haddock,  and  from  which  he  collected  Mpttrately,     No.  1  is  the  CblMitk 
Marl ;  No.  2  ii  the  lower  30  feel  of  the  Chalk  Marl ;  No.  3  is  u  bed  in  which 

he  found  many  foBJtils,  and  which  may  Iw  the  equivalent  of  the  caat  bed 
of  Folkestone  ;  Sa.  4  includia  all  th«  chalk  between  Bed  3  and  tlie  Bekmnito 
Marl  m  other  words,  it  iiirliides  the  upper  pert  of  the  Am.  variant  zone  and 
all  the  chalk  of  the  /lo/.  ni/M/t-j6ona  zont.     No.  5  is  the  Bclenmite  Marl. 


— 

Bed 
I. 

Bed 
2. 

Bed 
3. 

Bed 

B«d 
5. 

Reptilia. 
CheU)nian  plate*  and  bone*  -       -        -        - 

Polyptychodon  interruptua,  Ou>en    • 
Piicet. 

Corax  heteroil(.n,  Keuss  (    falcatua,  Ag.)   • 
Edaphodon  MantelU,  Buckland  •        -       - 
Macropoma  Mantelli,  Ag.    • 
Lumnaappeiidiculata,  Ag.  .       -        -        - 
Notidiinus  microdon,  Ag.    .        •       •        - 
Osyrhina  crassidens,  Ag.  ('{  Mantelli) 
Ptychodua  maramillaris,  Ag.     • 
Protosphyrsena  ferox,  Ltidy      -        -       - 
Scapanorhynchua  raphiodoii  t  Ag.      - 

Scales  and  Vertebrje 

Acliniwamiis  pleniia,  Blninv. 
Bi:lemnitesultimiiB,  d'Orft.  -        -        - 

„        degans.  Sow.        ...        - 
„        expansus  1  Saw.  (large)      - 
„        krgUliertmnuB,  <i't>r6.  - 
„         auUievigatus,  d'Orh.     ■ 
Ammonites  Acanth.I  cenomanensis,  d'Arck. 
„           Haploc.l  ductus,  Mant.  - 
„               „      llewesiensis.  ?.tfan(.   - 
„          [Hoplitwl  falcatus,  Mant. 
Aciintli.l  Manldli.  ^^oic.  - 

1  navicularis.  Siant.    • 
Irr.toiiiiifieiixis,  ftroHffn. 
|.           ISchloenklvarians,  SofP. 

X 
X 

z 

X 
X 

X 
X 

X 

X 
X 

X 

■   b 

X 

X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 

X 
X 

X 

X 

X 

X 

X 

- 

X 

X      :      X 

X    !    - 

X     '     z 

'  i  - 

~   i   - 

«    !    - 

X      ,      X 

1 

I  1  1 

-  i   - 

-  1  - 
I      I 

^  1  - 

X     1     - 

b  1  - 

^  i  - 

Baculites    baculoides,    Jfanf.      - 
Hamitea  simplex,  d'Orb.     -        -        -        . 
Scaphites  fequalis.  Sow.     -        .        -        . 
Turrilitea  Bergeri,  Brongn.          ■        ■ 

,        coatatuB,  Lam.     -        -       -        . 

irraveaianuB,  d'Orb. 

,        ManteUi,  Sharpe  .... 

Morrisi,  Sharpe    .... 

Bchcuchierianus,    Bok. 

,       tuberculatu*.  Bote     -       -       - 

;       WiertilSfcoT-    -      -      .      - 

b 

X 

X 
X 

I  i  I 

X      .      - 

X 
X 

X    1    - 
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— 

Bed 
1. 

Bed 
2. 

Bed 
3. 

Bed 
4. 

Bed 
5. 

Gatteropoda. 
A[m»t1uub  (Ornitliuijua)  oligochil^,  Gard.   • 

AveUknii  c^  d'Orb.'        '.'.'.'. 
hugardiaoa  (in  phoiphate) 

Cerithium   ip. 

Dentolium  sp. 

Fusus  bilineatua  ?  P.  a«d  «.      -       -       - 

„            brotigniartiana,  (fOrJ.  - 
„            jKTspectiva,    Mant. 
Solarium   graniilatum,    Mant.    - 

ornntiim  1  Sow.  (m  j>boe.)  - 

„       Ip. 

TurriWlU  ceoomanenHM  ?  d'Orh.          -       ■ 

Turbo  sp.  (large) 

„     »p.    (gmall) 

Lamellibraruhuita. 

AuceUina  gryphfeoides,  Sow. 

OBtrea  frona,  Pori.  (-carinata.  5t>w.)        - 

„     acutirostru,  Nittt.    .... 

„     veBicularia,    Lam.      .... 

.,      visiL-ul<«i,  S.>U'.          -         .         .         . 

Esogyra  conicft.  Sow. 

„       halioU>idea,  Sow.    -        -        .        - 
Inoccrainuslatus,dOr6.!ioiiJI#anf.    - 

„          striatiis,  Mant.  -        -        •        • 

~ 

X 

X 
X 

- 

X 
X 

X 
X 

X 

X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

r 

- 

: 

- 
- 

X 
X 

Lima  aspera,  Mant. 

- 

„     (i^oboga.  Sow. 

„     semiornftta,  d'Orb.     -        -        -        - 
Pect«n  Bpuveri,  Smi:           .       ,        .        , 
„     elongatus  1  Lam.      .... 
„     orbicularis.  Sow.      .... 
„      (Neithca)  quinquecoatata,   Sow.    . 
Hodiola  reversa  t  Sow.       ...        • 

Ricatula  inflato.  Sow. 

sigiUina,  Woodw.  .... 

: 

gibboaua  {%  dOrb.    -       .       . 
Area,  like  carinata,  Sow.    .... 

„     (CucuHiea)  obesa,  Sow.     • 
GardiU  tenuicoBta  T,  5ou>.     .        .        .        . 
„      ap.    ----..        . 

Cardium,  sp. 

Corbia  gaultina  1  (in  phosphate) .     ■ . 
Cytherea,  like  plana,  Sow.         ... 

Pholadomya  decussata,   Phil.     - 
Badioliles  Mortoni,  Mant.   .... 
Unicardium  ringmerieiiae,  Mant. 

: 
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Braehiopoda. 
Kingena  lima,  Defr.    - 
BhyDchoneila  grasiana,  d'Orb. 
„  nianteUiatia,  Sow. 

„  Martini,  Mant. 

„  liiieolata,   Phil. 

Terebrotula  liiplieita,  Sote.  - 
„  obosa,    Sow. 

„  semigloboBa,  Sow. 

„  aquaiDi)><a,    Mant. 

Terebratuliiiu  triangularis  ^  Etii 
„  striata.    W'ahl. 

Crustaeea. 


Hoplaparia  sp.     - 
Palaiga  Carter!,  //.  WcmkIif. 
Amtelida. 
Ser|)ub  annulata.  Remt     - 

„       plexua.  Sow.     - 

,,      ninbonate,  Sow. 

Ech  inoder  mula . 
Cidaris  vesiciilosii.  Goldf.  - 
Diacoidea  cylindrica.  Lata.  - 

„        siibuculuM,     Klein 

Epiaatersp. 

Holaster  licvis,  Ag.,  var.  carinatiis 

„         tretensia,  Lei/m..     - 

„      siiliglobosua,  ieite  - 
Pentacriiiua  Agassi/i,  //at/. 
Pseudodiadenia    variolare    Brongn. 
Saicjiia  Clarki,  Forbes  ■ 

„       petalifpra,    Demi.     - 


VitlentKriil'i. 
Uathyuyatliua  Sowerbyi.  E.  A  II. 
Micrabacia    corotiula,    Goldf. 
Craticularia  Fittoui,  Mant.  ■ 
Hexactincllid  Sponge  ()  new)     - 
Hylospongia  sp.    -     _  - 
Leptophragma  sp,  (in  phosphate) 
Nelumbia    sp.       -        -        -        - 
Phymatella  intumescena,  Roe^ntr 


Plocoscyphia  labrosa.   Smith 

„  reticulata,  Hirtde    - 

new  sp.   - 
„  (small  sp.  in  phosphn 

Siphonia  tulipi,  Zilt.  - 
Stan  rone  ma    Car  ten,    Sol  hi 
Strcphinia  convohita,  Hinde     - 
Ventriculites  tesselatus  t  Smith- 
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CHAPTER    Vn. 
THE    LOWEB    CHALK    IN    THE  ISLE    OF    WIGHT, 


General  Description. 

The  Lower.  Chalk  of  the  Isle  of  Wight  is  comparable  in  its  main 
featm*eB  with  that  of  Kent  and  Sussex,  and  many  fossils  have  been 
obtained  from  its  lower  beds  by  various  coUectoi-s,  but  no  one  has 
yet  made  a  detailed  study  of  their  distribution,  \vith  a  view  of  ascer- 
taining whether  it  is  divisible  into  definite  beds  or  bands  charac- 
terised by  the  prevalence  of  ceilain  species,  as  in  the  case  of  the 
Folkestone  Chalk. 

By  the  older  geologists  the  greater  part  of  the  Lower  Chalk  of 
the  island  was  called  Chalk  Marl,  and  their  Lower  Chalk  included 
the  zone  of  Holaster  svbglobosuSf  together  with  the  whole  of  the 
Middle  Chalk,  which  is  here  without  flints. 

The  first  attempt  to  divide  the  Chalk  of  the  Isle  of  Wight  into 
zones  was  by  Professor  C.  Barrois,*  who  recognised  the  equivalent 
of  the  zone  of  Ammonites  varians,  and  of  the  division  which  he  and 
M.  Cheillonneix  had  termed  the  zone  of  Am.  cencmianensis  in  the 
Pas  de  Calais,  but  he  makes  no  mention  of  the  highest  part  of  the 
stage,  nor  of  the  Belemnite  Marl,  giving  the  total  thickness  as  only 
35  metres  (about  115  feet),  which  is  much  under  the  mark. 

Until  the  publication  of  the  second  edition  of  the  Survey  Memoir 
on  the  Isle  of  Wight,t  ^^  correct  measurement  of  the  beds  that 
make  up  the  Lower  Chalk  had  ever  been  made.  This  was  done  by 
Mr.  Strahan,  who  measured  the  component  beds  in  the  cliffs  west 
of  Culver  Point,  and  found  them  to  be  about  205  feet  thick,  without 
including  the  Chloritic  Marl  at  the  base  or  the  Belemnite  Marls  at 
the  top.  He  divided  this  mass  of  Chalk  into  three  parts,  with 
relative  thicknesses  of  70,  50,  and  86  feet,  and  it  is  undoubtedly  true 
that  the  Lower  CSialk  is  capable  of  such  lithological  subdivision  at 
that  locahty,  as  it  is  at  Folkestone  and  near  Wissant  on  the  French 
coast,  but  we  do  not  think  it  comprises  more  than  two  zones  at  any 
locahty.  We  do  not  find  a^ufficient  difference  in  the  faunas  of  the 
lower  and  middle  parts  to  warrant  their  recognition  as  separate 
zones,  and  the  collections  made  for  this  Mepaoir  have  proved  that 
Ammonites  [Sch^enbachisi]  variant  ranges  up  through  fully  100 
ieet  from  the  base. 


•  Craie  de  Tile  dc  Wight.    Bibl.  des  Hautes  l^.tudes,  toin.  xiii.,  1S75. 

t  Bristow  "  Geology  of  the  Isle  of  Wight,"  Ed.  2,  by  C.  Kcid  and  A.' 
Strahan,  1889. 
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We  shall  therefore  regard  the  Lower  Chalk  of  the  island  as  com- 
prising only  two  zones,  regarding  the  beds  known  as  the  Chloritic 
Marl  and  the  Belemnite  Marl  as  subsidiary  divisions  or  sub^ 
zones.  Eventually  some  other  sub-zones  may  be  established,  such  as 
that  of  PlocoscyjAia  laI)rosa,  proposed  by  Professor  Barrois,  and 
possibly  a  higher  one  characterised  by  abundance  of  Scaphit^s 
icqualis  and  TurrUites  costatvs.  The  following  table  indicates 
the  scheme  of  arrangement  which  may  perhaps  be  found  appli- 
cable :— 

Zone  of  Holaster         i  ^^^^  ^^^.^  ActinocavMix  planus, 

$ubglobo9US  I  ^^^^  ^^^^   ^^^   fossils,  HolcLiter  trecenm 

*    ^^  and  Discoidea  qflindrica. 

f  Beds  with  Tw*tnlites  cottatus. 

Zone  of  Ammonites    I  Beds  with  Scaphites  aqualis. 

variaru  \  Beds  with  Plocosq^phia  labrosa, 

[  Beds  with  Stauronema  Carteri. 

The  basement  beds  with  Stauronema  Carteri  are  those  which 
have  usually  been  known  as  the  Chloritic  Marl,  and  have  been  the 
subject  of  much  discussion.  Some  accoimt  of  this  discussion  has 
been  given  in  Chapter  II.,  and  much  difficulty  has  been  experi- 
enced in  determining  at  what  particular  horizon  the  line  between 
the  Upper  Greensand  and  the  Chalk  should  be  dra\TO.  There  is 
undoubtedly  a  series  of  passage  beds,  and  if  they  are  regarded  merely 
as  a  set  of  beds,  without  reference  to  the  distribution  and  range  of 
fossils,  different  observers  would  be  Ukely  to  draw  the  line  at  different 
horizons,  and  even  when  the  fossils  have  been  carefully  collected 
it  is  not  very  easy  to  decide  what  beds  should  be  included  in  the 
Chloritic  Marl  or  zone  of  Stauronema  Carteri, 

Moreover  the  sections  to  which  previous  descriptions  have  referred 
are  those  of  the  Undercliff,  and  no  attempt  has  hitherto  been  made 
to  correlate  the  exposures  at  each  end  of  the  Undercliff  with  one 
another  and  with  those  in  Compton  Bay  and  Culver  cliffs.  All 
these  differ  considerably  in  detail,  and  no  such  attempt  would  be 
successful  unless  the  fossils  obtainable  from  each  bed  were  care- 
fully collected  at  the  same  time. 

An  endeavour  was  made  to  do  this  in  1897,  and  after  a  careful 
examination  of  the  principal  sections,  Mr.  Bhodes  was  directed  to 
collect  carefully  from  the  several  beds  at  the  different  localities. 
We  have  thus  obtained  better  palaBontological  evidence  than  any 
geologist  has  hitherto  had  at  his  disposal,  but  nevertheless  we  have 
not  found  it  easy  to  make  up  our  minds  as  to  the  exact  horizon 
which  should  be  taken  as  the  base  of  the  Chloritic  Marl.  In  such  a 
matter  the  result  must  very  much  depend  on  the  value  w^hich  is 
put  upon  the  evidence  of  particular  fossils.  We  have  elsewhere 
given  reasons  for  considering  Pecten  asper  as  an  unreliable  guide ;  as 
a  matter  of  fact  in  the  Isle  of  Wight  it  does  not  occur  in  the  Chert 
Beds  of  the  Selbornian,  but  is  found  in  a  perfect  state  of  preserva- 
tion throughout  the  Chloritic  Marl.  Again,  Am.  [Schloenbachia] 
varians,  though  generally  a  good  guide,  is  known  to  occm*  both  in 
Wiltshire  and  North  Dorset  below  what  must  be  regarded  as  the 
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li)cal  haae  of  the  Chalk.  Am.  [SM,]  rostratus,  on  the  otlier  hand,  lia« 
never  yet  been  found  (underived)  in  any  bed  which  could  l>e  referretl 
to  the  Chloritic  Marl,  and  it  is  very  rarely  found  in  the  higher  ljed« 
of  the  Greensand.  The  speciea  which  we  have  found  to  be  the 
mout  reliable  guide  is  Stauronema  Carteri,  The  range  of  this  sjKjfiw 
appears  to  be  very  limited ;  it  is  common  in  the  bed  which  has 
always  been  regarded  by  the  Geological  Survey  as  typical  Chloritic 
Marl.  It  occurs  up  to  14  feet  above  this  bed  at  Culver,  and  has 
been  found  by  Mr.  Rhodes  and  Mr.  J.  B.  Hue  in  the  beds  which 
underlie  the  phospliatic  bed  (those  numbered  3  and  4  by  us),  and 
Mr.  Hue  has  found  a  si)ecimen  in  the  still  lower  bed  (2)  near  Ventnor. 
But  it  has  never  been  foimd  below  this.  So  far,  therefore,  as  Stauro- 
nema  Carteri  may  be  relied  upon,  its  evidence  leads  us  to  include  tliis 
lower  bed  with  the  Chloritic  Marl,  and  to  regard  it  as  the  basement 
bed  of  the  Lower  Chalk. 

It  is  exactly  this  point  which  makes  the  enquiry  of  importance, 
for  otherwise  it  might  seem  a  trivial  matter  whether  a  foot  or  so 
of  material  were  or  were  not  classed  under  the  head  of  Chloritic 
Marl ;  but  when  we  i-emember  that  if  it  is  so  classed  all  the  fossils 
it  contains  will  have  to  be  regarded  as  Lower  Chalk  fossils,  and  will 
have  to  be  excluded  from  the  list  of  Selbornian  fossils,  then  it  will 
be  seen  that  no  pains  should  be  spared  in  collecting  and  weighing 
the  evidence. 

During  the  examination  of  the  sections  in  1897  and  1898  several 
important  facts  were  observed  which  have  enabled  us  to  correlate 
the  sections  seen  at  different  localities  with  one  another.  In  the 
tii-st  place  it  was  noticed  that  in  every  section,  at  what  appeared  to 
be  the  same  horizon,  there  was  an  appreciable  change  in  the  charac- 
tei'  and  colour  of  the  rock-material ;  the  bed  below  this  plane  being 
light  grey  or  yellowish  green,  and  less  glauconitic,  that  above  it 
being  greyish-green  and  very  glauconitic  ;  moreover,  the  lower 
bed  is  generally  piped  and  mottled  with  the  darker  material,  as  if 
filled  with  holes  and  borings  which  had  been  made  in  the  lower  bed 
brfore  the  deposition  of  the  upper  bed.  This  recalls  the  relation  of 
the  zone  of  Stauronema  Carteri  at  Folkestone  to  the  underlying 
Gault.  though  the  materials  do  not  contrast  so  markedly  as  at 
Folkestone.  Moreover  on  the  western  side  of  the  island  there  are 
indications  of  current  erosion  at  the  same  horizon,  the  bored  surface 
being  also  an  uneven  surface  with  hollows  which  are  sometimes 
15  to  18  inches  in  maximum  depth. 

On  a  more  recent  visit  (May,  1898)  Mr.  Hill  paid  special  atten- 
tion to  the  beds  at  this  horizon,  and  examined  the  large  fallen  masses 
on  the  shore  between  Ventnor  and  Rocken  End.  Starting  from 
the  Ventnor  section,  which  was  published  by  us  in  1896,*  he  found 
that  the  bed  which  was  then  numbere<l  3  could  be  recognised  in  all 
the  exposures  to  the  westward.  This  is  a  nodule-bed,  enclosing 
lumps  of  hard  fine-grained  calcareous  sandstone,  which  have  been 


*  See  Quart.  Journ.  Qeol.  See.,  Vol.  lii.  p.  105. 
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pliofiphatised  to  the  depth  of  half  an  inch  or  more,  and  are 
frequently  bored  by  lithophagous  Mollusca ;  these  lumps  are  seldom 
larger  than'  a  cricket  ball,  but  generally  oval,  and  mingled  with 
th^m  are  phosphatic  nodules,  phosphatised  sponges  belonging  chiefly 
tb  Jerea  and  HaUirhda,  and  broken  shells  of  Pecten  asper,  with 
occasionally  other  fossils.  It  is  this  bed  which  rtets  on  an  ei'oded 
sm'face  in  the  more  western  sections  at  Rocken  End,  Brook,  and 
Oompton  Bay,  and  it  was  in  this  bed  that  Mr.  Rhodes  found 
Stauttmema  Carteri  at  Compton  Bay. 

Further,  Mr.  Hill  ascertained  that  the  bed  which  overlies  it  at 
Ventnor  (No.  4)  is  the  most  variable  bed  in  the  whole  group,  being 
sometimes  as  much  as  3  feet  thick,  and  sometimes  thinning  out 
altogether.  In  this  bed  fragments  of  Stauronema  have  also  been 
found  by  Mr.  Hue,  of  Ventnor.  Am.  [SchlxBubachia]  varians  also 
occurs  but  rarely,  and,  indeed,  fossils  are  always  rare  in  this  dis- 
continuous intermediate  bed. 

In  consequence  of  these  fresh  discoveries  we  have  modified  the 
opinion  exjM-essed  in  the  paper  above  mentioned,  and,  finding  that 
the  nodule-bed  coincides  with  the  downward  range  of  Stauronema 
Carteri,  we  have  adopted  it  as  the  basement  bed  of  the  Chalk  in 
the  Isle  of  Wight.  At  the  same  time,  what  was  then  said  about 
the  sudden  incoming  of  an  abundant  Ammonite  fauna  at  a  higher 
horizon  (Bed  5)  is  perfectly  true,  for  it  is  only  Am.  [Scfd.]  varians 
that  occurs  in  the  lower  beds,  and  onlv  in  Bed  5  that  the  other 
species  of  Ammonites  and  TurrUites  make  their  appearance.  Even 
should  one  or  two  be  hereafter  found /below,  they  can  only  occur 
as  rare  fossils,  and  the  contrast  between  the  beds  will  remain  as 
strong  as  before. 

We  continue  to  use  the  name  Chloritic  Marl  because  it  is  a 
convenient  designation  and  has  been  so  long  in  use,  but  it  is  a  bad 
name  for  the  bed,  not  only  because  the  green  gi'ains  are  not 
chlorite,  but  because  the  matrix  is  not  a  marl ;  the  lower  beds  are 
glauconitic  sands,  the  highest  bed  is  a  hard  glauconitic  sandy 
chalk,  with  but  a  small  quantity  of  argillaceous  matter.  This  bed 
is  sometimes  overlain  by  a  layer  of  grey  marl  containing  glau- 
conite  grains,  and  in  other  localities  it  passes  up  into  grey  glauconitic 
and  sandy  chalk,  in  which  Plocoscyphia  labrosa  is  abundant  and 
TurrUites  tubernUatus  is  not  uncommon. 

The  Plocoscypfiia  beds  are  succeeded  by  alternating  beds  of  hard 
grey  chalk  and  soft  marly  chalk,  the  marly  beds  becoming  thinner 
and  less  conspicuous  in  the  upper  part  of  the  seties.  These  beds 
contain  many  fossils,  and  form  the  mass  of  the  zone  of  Ammonites 
varicms,  that  species  being  associated  with  Am.  [Acanth.]  rotoma- 
gensis  and  Am.  [Acanth.]  Mantelli. 

The  higher  part  of  the  Lower  Chalk  consists  of  nearly  white 
chalk  in  massive  beds,  extending,  with  little  change,  up  to  the  Belem- 
nite  Marl,  and  having  a  thickness  of  85  to  90  feet.  This  white 
chalk  is  lithologically  comparable  to  the  whitish  chalk  which  forms 
the  upper  50  feet  of  the  Folkestone  section,  which  it  also  resemble 
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in  Gontaining  but  few  fossils.  Stratigraphically,  however,  it  appears 
to  represent  the  whole  of  the  zone  of  Holaster  subglobosus,  and  not 
only  a  portion  of  it.  At  the  summit  is  a  band  of  grey  marl,  which 
clearly  represents  the  Belemnite  Marl,  though  no  specimen  of  Acti- 
nocamax  has  yet  been  obtained  from  it, 

As  i-egards  thickness,  the  totiil  amount  in  Culver  cliff  is  alx)ut 
211  feet,  but  it  decreases  westwaid,  and  is  only  KJl  feet  in  Compton 
Bay,  the  difference  being  princijially  in  the  zone  of  Am,  varians. 

Stratigraphical  Details. 
1.    Chloritic  Marl. 

We  now  give  the  sections  and  particulai*8  upon  which  the  above 
remai'ks  are  based,  beginning  at  the  eastern  end  ef  the  island  :-r- 


Chloritic 
I  Marl. 
84  feet 


Sel- 
bornian. 


Section  in  Culver  Cliff.  ft.  iii. 

5a.  Bluish-grey  glaucoaitic  marly    chalk,   with 
brown  phosphate  nodules  and  lumps  of  hard 
calcareous  stones  in  two  beds        -        -        -    4    6 
5.  Greenish   glauconitic  sandy  marl,   with   an  ' 

I  irregular  layer  of  hard  concretions  at  top  ; 

many  brown  phosphates  and  fossils    -        -    3    0 
3.  Layer   of    grey   calcareous  doggers,  with  a 
few  phosphatised  stones  enilwdded  in  grey 
sand    -        -        -        -    from  G  inches  to     1     0 
'  2.  Grey  sand  with  an  irregular  surface,  pierced 
by  pipes  and  borings,  infilled   with   dark 
green  glauconitic  sand ;   from  6  inches  to     1     0 
1.  Sand    with  concretions  of    calcareo-siliceous 
'         stone  (see  Vol.  I.,  p.  138). 

From  No.  3  Mr.  Rhodes  obtained  the  following  :—//a//ir/«o«t 
dgaridfomiis,  Staunmema  Carteriy  and  Pecten  asper.  The  bed 
which  we  have  numbered  4  at  Ventnor  is  absent  at  Culver.  From 
No.  5  :  Plocoscyphia  fenestrafa,  Stauroiiema  Carteri,  Pecten  asper, 
Am.  [Sctdoenhax;hia]  varians,  and  many  other  fossils  have  been 
obtained. 

Passing  now  to  the  Underclifl*,  we  come  firat  to  a  quarry  under 

St.  Boniface  Down,  near  Ventnor,  and  here  the  following  section 

w^s  very  clearly  shown  in  1897  : 

.  ftr  in. 
C  Chalk  Marl 15    0  . 

J  Two    l)ed8  of    hard   grey    chalk   mo  para  ted   by 


Chalk 
I      Marl. 


> 


-    O 


6 
6 


Chloritic 
Marl. 
7  feet. 


4219. 


6  inches  of  marl 
Soft  grey  marl,  slightly  glauconitic 
5.  Firm  greenish    glauconitic  sandy   marl,  full 

of  phosphatic  nodules  and  casts  of  fossils  ; 

Ammonites  abundant  -        - 

4a.  Firm  greenish  sandy  marl  with  some  hard 

concretionary  lumps  ;  a  few  phosphates 
4.  Very  glauconitic  sandy  marl ;  no  phosphates 

or  Ammonites  seen      -      . "        ". 
3.  Layer  of  hard  stony  concretions  with  brown 
'   phosphatised  crusts       -    from  6  inches  to    0    9 

r  2 


3    0 


-     1     3 


2     0 
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1  • 


Selbornian.  ( 


ft.  in. 

2.  Firm  yellowish-green  glauconitic  sand,  piped 

¥rith  darker  sand  from  above, "  the  piped  bed**    I    6 
/Sand  containing  brown-coated  stony  con- 
cretions    -- IG 

1.  ^  Irregular  layer  of  grey  chert        -       about    0    3 
Concretions  of  calc.  sandstone  with  thick 

brown  crusts  -       -       -       -    1    u 

Chert  Beds  below. 

If  this  succession  is  compared  with  that  given  by  ns  in  1896,  ab 
shown  on  the  shore  below  Ventnor,*  it  will  be  found  to  correspond 
very  closely,  the  corresponding  beds  being  indicated  by  the  same 
numbers.  As  compared  with  the  Culver  section,  it  will  be  seen 
that  two  beds,  with  a  combined  thickness  of  over  3  feet,  have  come 
in  between  Nos.  3  and  5.  The  highest  bed.  No.  5,  might  be  called 
the  Cephalopoda-bed,  and  it  exhibits  the  same  characters  all  along 
the  UnderclifF. 

The  section  at  St.  Lawrence  Shute  is  important  in  showing  the 
diminution  of  Bed  4,  and  is  as  follows : — 


Chloritic 
Marl. 
4ifeet. 


{ 


Selbornian. 


5.  Glauconitic  marl  with  Ainnumiteit  and  phos 
phatic  nodules 

4.  Rather  soft  greenish-grey  sandy  marl,  with 
few  nodules  or  fossils 

3.  Layer    of    phosphatised    stony   concretions, 
about  as  large  as  a  cricket  ball,  and  some 
i^        phosphates,     -        -       -       -      6  inches  to 

2a.  Fine  glauconitic  sandy  marl  with  an  irre 
gular  layer  of  stony  concretions,  -    about 

2.  Hard  greenish-grey  marly  sand  piped  with 
darker  material,  and  containing  many  Pecten 
orbicularis 

1.  Layer  of  compact  calcareous  doggers  - 


ft.  in. 


3    0 


-    0    6 


0    0 


1    0 


2 
1 


Firm  grey  sand  with  cherts  -    seen  for  12  or  15 


0 
0 
0 


It  will  be  noticed  that  about  a  foot  of  sand}-  marl  with  the  stony 
concretions  (which  might  perhaps  be  chilled  cornstones)  here 
intervenes  between  the  "  piped  bed  "  and  the  nodule-bed,  No.  3. 

At  Binnell  Point,  about  three-quartei-s  of  a  mile  west  of  St.  Law- 
rence Shute,  the  junction  beds  are  shown  in  a  slipped  mass,  and 
here  there  is  nothing  to  represent  Bed  4,  so  that  the  nodule-bed  (3) 
forms  the  base  of  the  Cephalopoda-bed  (5)  :— 


5.  Glauconitic  marl  with  Cephalopoda  -        -        . 

3.  Nodule-bed  with  green  and  brown  coated  lumps   - 
2a.  Greenish-grey  sand   with  a   few   scattered  cornstone 

lumps  at  and  near  the  base     -       -       -       -from  1  to 
2.  Greyish-green  sand  with  darker  pipings— Pecten  arbicu- 

laris  and  P,  asper 


ft.  in. 


3 
0 


O 
0 


1     3 


1     0 


Quart.  Journ.  Ged.  Soc.,  Vol.  liL  p.  106. 
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At  Bocken  End  there  are  several  large  masses  which  must  have 

fallen  originally  from  St.  Catherine's  cM,  and  one  of  these  showed 

the  following  beds :  — 

ft  in. 

^5.  Glauconitic    marl    with    many    phosphatic 

CUoritic      I         nodules  and  Cephalopoda      -        -        -        -    3    6 

Marl  ^*  Nodule-bed,  more  developed  than  usual,  with 

41  feet.  brown  phosphatised  cornstone  lumps   and 

*  I         phosphatic  nodules,  which  are  often  greenish 

outside 09 

2.  Greenish  glauconitic  sand  with  a  few  brownish 
I         phosphates  and  many  Pecten  arhicularis  ; 
pipings  filled  with  sand  from  above  are  con- 
spicuous        -  -        -        -  13 
Selbornian.  '       Hard    grey   sand    with   larger  phosphatised 

lumps  of  stone  irregmlarly  placed  -  about    1    6 
Firm  grey  glauconitic  sand  with  cornstones       3    0 
Layer  of  massive  blocks  or  lumps  of  calcareous 
sandstone     -       -  -       -  -    1    0 


11    O 


Each  fallen  mass  exhibits  minor  differences,  which  are  chiefly  due 
to  the  varying  amount  of  erosion  at  the  base  of  No.  3.  Mr.  Rhodes 
when  collecting  fossils  here  noticed  that  the  nodule-bed  varied 
from  6  to  18  inches  in  depth,  and  rested  on  a  correspondingly  im- 
even  and  undulating  surface  of  the  bed  below.  He  found  also  that 
the  pipes  or  bore-holes  from  this  bed  penetrated  in  some  cases  for  a 
deptli  of  12  inches,  and  he  obtained  Am.  [ScJd.]  varicms  and  a  piece 
of  a  Bacvlites  from  the  bottom  of  a  boring  of  that  depth.  Without 
careful  observation,  therefore,  these  fossils  might  have  been  recorded 
as  belonging  to  Bed  2. 

The  Chloritic  Marl  can  be  re^iched  at  the  top  of  Gore  cliff,  but  is 
not  very  easy  of  access ;  tlie  wection  appears  to  tally  with  that 
just  given. 

At  Brook  Shute,  7J  miles  north-west  of  St.  Catherine's  Hill,  the 
thickness  of  the  Chloritic  Marl  has  greatly  increased,  and  from 
the  particular  given  below  it  vn\l  be  seen  that  the  Bed  No.  4  re- 
appears at  this  place  :  — 

ft.    in. 

.5.  Very  glauconitic  sandy  marl,  full  of  phosphatic  nodules 
and  casts  of  fossils,  with  some  w^-preserved  Pecten 
asper  ;  also  many  hard  concretionary  lumps         -  8    0 

4.  Softer  and  more  sandy  glauconitic  marl,  with  only  a  few 
phosphates  and  no  other  concretions;  on^  Am,{SchloenU] 
variant  found --3    0 

3.  Nodule-bed  with  the  usual  phosphatised  lumps,  some  of 
which  are  large,  and  many  are  bored  by  lithophagous 
MoUusca ;  these  lumps  are  sometimes  in  one  layer, 
sometimes  in  two  layers,  and  the  bed  rests  on  an  uneven 
surface  of  the  sand  below ItolO 

2.  Greenish-grev  sand,  eroded  and  piped  (see  p.  81).  

Total  about    12    O 
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The  section  in  Gompton  Bay  is  almost  the  same,  diflfei-ing  only 
in  the  thiokness  of  the  beds.    In  abstraot  it  is  thus : — 


ft. 


CWoritic 
Marl. 


( 


6 

3i 

1 

1 


/5.  QIauconitic  marl  with  many   phosphates  and 
Cephalopods         -        -  -       -        - 

4.  Sandy  marl  without  phosphates,  Staurcmenia 

.  common - 

^^3.  Nodiiile  be4  as  at  Brook,  from  6  inches  to 
2.  Greenish-grey  sand,  piped  as  before   -        -        - 
The  nodule-bed  here  contains  many  fossils,  and  in  it  Mr.  Rhodes 
found  two  Stamron&mn,  Carteri  in  good  preservation.    Mr.  J.  B. 
Hue  has  also  obtained  fossils  from  all  three  beds. 

List  of  Fossils  from  the  Chloritic  Marl. 

The  following  list  is  not  intended  to  be  a  complete  list  of  all  the  fossils 
which  have  been  recorded  from  the  Chloritic  Marl  of  the  Isle  of  Wight,  but 
only  of  those  for  which  we  have  good  authority  for  referring  to  their  exact 
horizon,  that  is,  to  one  or  other  of  the  three  distinct  beds  which  we  now 
include  under  this  name.  The  list  is  based  on  that  which  we  published 
in  1896,*  with  a  few  corrections  and  many  additions.  The  additions  are 
due  tb'  collections  made  by  Mr.  Hill,  and  subsequently  by  Mr.  Rhodes,  for 
the  Geological  Survey,  and  partly  to  the  identification  of  species  in  the 
collection  of  Mr.  J.  B.  Hue,  of  Ventnor,  who  has  collected  from  the  seveml 
beds,  and  has  kindly  sent  many  of  his  specimens  for  determination. 
The  localities  are  indicated  by  letters  as  follows  :— 

a.= Culver  cliff. 

b= Ventnor,  Bonchurch,  and  St.  Lawrence. 

c— Niton,  Gore  cliff,  and  Bocken  End  shore. 

d—  Brook  and  Compton  Bay. 
The  species  added  on  Mr.  Hue's  authority  are  indicated  by  the  letter  fa, 
because  they  w^re  obtained  from  various  places  along  the  Undercliff,  though 
most  of  them  came  from  near  Ventnor. 


l» 


t» 


Piscen. 
Lamna  app«ndicalata,  Ag. 
Bcapanorhynchus  rhaphiodon,  Ag. 

Cephalopoda. 
Ammonitefl  [Placenticeas]  complanatiu,  Hotc. 
[Uoplites]  corvatus,  Mant.    • 
[       „      ]    falcatus,  Mant. 
[Acanthoceras]  laticlavii 
[  „  IMaiitellf. 

[  „  ]  navicuWiris,  Mant. 

[Dramoceras]  planulatuB,  Sinr. 
[HopliteB]  Saxbyi,  Sharpe 
[Schloenbachia]  varians,  Sov. 

„  Coupei,  Brongn.   • 

Anboceraa  alternatum,  Jfant.  .       .       .       . 

„         atlgilatam,  JfaiU.     .       .       ■       . 

,,        paaudelegana,  P.  (i;  C. 

Baculites  baculoides,  Mant.      .       .       .       . 

sp.      ....... 

UamitesaimplexcrOrd. 

Tunilitet  Bergeii,  Brongn.  .  .  .  . 
„  Morrlif,  Sharpe  .  .  .  . 
,,       tubercolatUB,  Bote.   .       •       .       . 

,.       Wietti,  SAarpe 

NaatilUB  dealoogchampoianiu,  d'OHt. 
expanrat,  lii^.    •       • 
sublfevigatua,  Sov.      .       .        .       . 

Ga.-terojio(in. 

AcUbod  elODgatup,  Sow. 

Ayellaoa  cauia.  d'Orb. 

Oerlthiam  sp. 

Columbellina  sp. 

Mnrex  bllineatnp.  P.d-  C. 


Beds. 


•t 
>> 


Bed  4. 


Beds. 


/^ 


^\ 


b 
b 

h 

h 

h 

h 

ab 
ab 

h 


c 
c 


d 
d 


ab 
ab 
b 
h 
b 
h 


c 
c 


d 
d 


h 
b 

ab 
b 
b 
b 
b 
b 

b 
b 
h 


c 
c 
c 
c 


d 
d 
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'    FosaiLS    FROM    THE    ChLOKITIC    MARL.-~c<tn((/. 


wim,  d*6rA. 


■  I 


Jillina  gryphitolilM,  Stow. 
■  pholwIirorinU,  irorft. 


cardiniD  {mall  >p,)    - 
CUdlU  d.  MrinlMiaU,  Ain*. 
CnMatalla  in.  (cuU) 


ip. 


„      (Selthe.) 
FIlcuuU  giiniitii' 


qninqMoiaUliu.  &v- 


Cnnls  cmonmnnui*,  il  Ort. 
Shrnrhonelli  dlmidUCs,  Sow. 


Tinhntnli  h<|>li.-au.  .S>w 
Tanbnulla  iiwtJU.  S<nc. 


DlTphucjiihuIMllaCiu.  IJi>'».  - 
Hanlanv  Uocrlil,  Firrba 


peUlifen.  Afmn. 
iliulai'oranaJa.OeM 


VslHlcri,  Saw.  ()ihuiiibatto)  - 

ijphto  tenoiinu.  T.  Htnili    ■ 

IftbroH,  T.  -VnllA 
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The  Mass  of  the  Lower  Chalk. 

We  will  now  give  some  account  of  the  principal  sections  in  or 
through  the  Lower  Chalk. 

It  will  be  convenient  to  begin  at  the  eastern  end  of  the  island,  as 

the  whole  stage  is  well  exposed  in  the  cliffs  near  Culver  Point.    This 

section  was  measured  by  Mr.  Strahan  in  1889,  and  by  Mr.  Hill 

(for  this  Memoir)  in  1897,  and  they  differ  little  as  to  total  thickness, 

but  the  subjoined  account  gives  rather  more  detail  than  the  older 

one:  — 

ft. 

f  7.  Soft  bluish-grey  marl  (sub-zone  of  Act,  plenwi)  about      6 
Zoue  of  J  6.  Firm  white  chalk,  breaking  into  a  smooth  fracture, 
//.  sub-  \  in  massive   beds  ;    contains  Ilolaster  subgloboiuSy 

ffMonM  [^         H.  trecensiSj  Discoidea  cylindrica  -        -        -        -    85 
'  5.  Grey  chalk  in  regular  courses,  weiithering  as  ribs 

under  the  wash  of  the  hoax       -        -        -        about    45 
4.  Bluish-grey  marly  chalk  with  harder  courses  of  grey 
chalk,  which  weather  out  as  strong  ril)s  under  the 
wash  of  the  sen       .        _        .        -        -        about    40 
.3.  Soft  bluish-^rey  marl,    passing   down   into  firmer 

sandy  marl,  with  Plocoscyphia  labrosa  -        about    15 
2.  Harder    bluish    siindy     marl,    with     masses     of 
Plocoscyphia    labrosa    and    some     fragments    of 
brown  phosphate  —  A  ;/i.  [Srhloeiib]  varians,  Ser/mfa 
unibonata,   and  other   fossils-        -        -        about     12 
1.    Chloritic  Marl  in  four  beds  (sec  p.  83)    -  -      8 


Zone  of 

Am, 
iHiriatiH. 


About        211 

No.  1,  the  5M)ne  or  niveau  of  Stauranenui  Carteriy  has  already  been 
descriljed.  Nos.  2  and  3  are  the  beds  which  Dr.  Barrois  terms  the 
zone  of  PlocftHcypliw  mtvandrvnxi  (=l(ihro8a).  These  three  beds, 
tiiken  together,  are  the  equivalents  of  Beds  I.  and  II.  at  Folkestone. 
Beds  4  and  5  are  those  which  have  often  been  called  "  the  Grey 
(^halk,"  but  they  do  not  possess  any  special  palseontological  charac- 
tei^s  ;  Am.  [SM.]  ixirian^  ranges  from  No.  1  into  No.  5,  and  conse- 
((uently  all  these  beds  fall  into  the  zone  of  Am,  varians. 

No.  6  is  the  massive  white  chalk  already  mentioned  (see  p.  82), 
and  No.  7  is  the  sub-zone  of  Actin^xnmax  plenus,  though  that 
fossil  has  not  been  found  here. 

Another  excc^llent  section  of  nearly  the  whole  of  the  Ix)wer  Chalk 

is  to  be  seen  in  Mr.  Mumm's  quarry,  300  yards  west  of  Yur bridge, 

which  must  have  l:)een  deepened  considerably  since  Mr.  Strahan's 

visit,  since  it  showed  the  following  succession  in  1897  :  — 

ft.  in. 
Hard  white  bedded  chalk,  with  Inoceramnsmytiloid^s 

and  Rhynchonella  Cuvieri  -  -  -  more  than  20  0 
Hard     rough    white     nodular     chalk,    divided    into 

thinnish  l^eds  by  marly  ixartin^'s      -  -        -     5    0 


"3 


«  I  Rough  white  nodular  chalk 16 

^     (treenish-grcy  marl 0     2 

Hard    rou;rh    whitish    nodular     chalk,     veined     and 

streakiMJ   with   trrefMiish-grey  4     G 


o 

o 

O 


< 
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ft.   in. 
'  Qrey  marl,  hard  and  firm,  but  weathering  into  piaty 

pieces         ~ -  46 

Rather  hard  white  chalk,  apparently  without  fossils,  in 
massive  blocks about  90    0 

Greyish-white  chalk,  in  courses  divided  by  layers  of 
marly  chalk,^  but  the  courses  are  less  strongly  marked 
than  those  below  —  Scaphites  lequalis  and  other 
fossils about  40    0 

Grey  chalk  in  alternating  hard  and  marly  courses. 

Am,  [SchloenL]  varians  common  throughout  -  55    0 

The  actual  base  is  uot  seen,  but  the  Chloritic  Marl  occurs  in  the 
lane  adjoining  the  pit,  and  there  Ls  probably  not  more  than  a  thick- 
ness of  10  or  15  feet  between  this  and  the  base  of  the  quarry  section. 

Passing  to  the  southern  part  of  the  island,  many  small  exposures 
of  the  lower  beds  of  this  stage  will  be  found  round  the  borders  of  the 
outlying  mass  which  caps  the  Tipper  Greenaand,  and  also  in  the 
fallen  masses  which  he  on  the  Undercliff  or  along  the  southern 
shore. 

In  1880  one  of  us  saw  a  good  section  in  a  quarry  near  JoUifV's 
Farm  at  Luccombe ;  this  showed  alternating  beds  of  hard,  compact, 
grey  chalk  and  soft  shaly  marl,  with  many  fossils  in  the 
hard  bands,  such  as  Twrrilit^s  costatiis.  Am.  [Acanth.]  Mantdli, 
Baculitesba/:uloides,  Scaphites  (eqiuilw,  and  Inoceramus  latns  (d'Orb). 
About  16  feet  of  these  beds  were  seen,  and  in  the  roadway  leading  to 
the  quarry  were  beds  of  darker  grey,  rather  hard  sandy  or  gritty 
chalk, with  Am.  [SMoenb.]  variaTis,  Plicatyla  gurgitis,  lUiAfnduyneUo. 
maiUMicma,  and  pieces  of  brown  phosphate.  This  horizon  is 
probably  not  far  above  the  Chloritic  Marl. 

The  lower  part  of  the  Chalk  Marl,  with  the  Chloritic  Marl  at  its 
base,  may  be  examined  at  the  top  of  St.  Lawrence  Shute,  and  again 
at  the  top  of  Gore  cliff,  above  South  View  House.  More  than  50  feet 
of  the  alternating  hard  and  soft  beds  are  exposed  at  St.  Lawrence, 
and  about  41  feet  at  Gore  cliff.  Many  fossils  were  collected  by 
Mr.  Rhodes  at  these  localities, 

Brook  Shute  is  another  place  where  the  zone  of  Ammimites  ^xirinna 
may  be  examined,  about  100  feet  of  chalk  being  there  exposed  above 
the  Chloritic  Marl. 

The  only  other  complete  section  of  the  Lower  Chalk  is  that  in 
Compton  Bay,  which  was  measured  by  Mr.  Hill  in  1897,  and 
foimd  to  be  as  follows  :— 

ft. 
Hard  smooth   grey  marl,  passing  down  rapidly  into  white 

chalk  (sub-zone  of  Act.  plenun) 9 

Greyish-white  chalk  in  well-marked  courses,  divided  by  seams 

of  marl ;  Holaster  siilnjlobosus  and  Hoi.  trecensis  1      -        -    90 
Grey  chalk  in  alternating  soft  and  harder  courses  ;  light  grry 

above,  bluish-grey  bJow 40 

Grey  chalk  with  many  small  brown  phosphatio  nodules  -        -      1^ 

Bluwh-grey  slightly  glpuconitic  chalk 10 

Chloritic  Marl  (see  p.  Mr';) lOi 

Alumt    IGl 


90 
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In  the  10  feet  above  the  Chloritio  Marl  Mr.  Bhodes  found  Am. 
[SMoevJxichia]  varians,  Am,  [Acanth,]  Mcmtdli,  Turrilit^s 
Wiesti,  Plocoscyphia  fenestrata,  and  PI,  reticulata  ;  and  at  40  feet 
from  the  top  of  the  Chloritic  Marl  ho  obtained  a  large  Am. 
[Schloeriba^^ia]  varians  and  Holaster  subglobosus. 

List  of  Fossils  from  the  Chalk  Marl  of  the  Isle  of  Wight. 

The  following  list  of  fossils  from  the  Chalk  Marl  (zone  of  Ammonites 
varians)  is  as  complete  as  we  have  been  able  to  make  it.  .  Some  60  feet  of 
this  zone  is  exposed  at  different  places  above  the  Undercliff,  and  Mr.  Rhodes 
collected  carefully  from  successive  horizons  in  this  thickness  to  ascertain 
if  there  was  any  limitation  of  species  to  particular  parts  of  it.  The  results 
may  be  taken  to  sbow  that  some  species,  such  as  Scaphites  asqualis^  are 
more  common  in  the  lower  part  or  in  certain  beds  ;  but  many  of  the  species 
met  with  at  only  one  or  two  horizons  would  doubtless  be  found  at  others, 
if  more  prolonged  searcli  was  made.  We  have,  however,  tabulated  his 
results  for  the  sake  of  the  record. 

The  last  column  includes  species  wliich  have  been  previously  recorded 
by  Mr.  Sharpe  in  his  monograph  on  Cretaceous  Cephalopoda,  and  by  Pro- 
fessor Barrois  in  his  Description  of  the  Isle  of  Wight,  as  well  as  some  obtained 
by  Mr.  J.  B.  Hue,  of  Ventnor,  and  sent  to  me  for  determination.  The 
Ammonites  dncUis  is  a  fragment  obtained  by  Mr.  Hue  and  is  not  perfect 
enough  to  be  free  of  doubt.  The  specimen  of  JSalenia  Clarki  was  obtained 
by  Mr.  J.  C.  Eccles,  who  has  kindly  presented  it  to  the  Museum  of 
Practical  Geology.    Those  from  Luccombe  were  obtained  by  me  in  1880. 

The  localities  are  indicated  by  letters,  thus  :—c= Culver :  y=Yar bridge ; 
u=Undercliff;  I = Luccombe;  b= Brook;  f=Compton  Bay. 


1  to7 
Feet. 


8  to  15 
Feet. 


20  to  28 
Feet. 


80  to  46 
Feet. 


60  to  81 
Feet. 


Vertebrata. 
Bone  of  Pterodactyls    .        .        •        . 
Lsmna  appendlculata,  Ag. 
PtychoduB  sp. 

Cephalopoda. 
Ammonites  [Haplooeras]  clnctus,  Sharpe 
„         [Acanth.l  Deveriauut  dOrb. 
„         [  Hoplites]  (al  catus,  Ma  nt. 

i        „        1  feraudianoii,  cTOrb 
„         [Acanth.1  laticlavius,  Sharite 
„         [Lytoceras]  leptonema,  Sharps 
„         [Acanth.]  Mantelli,  5otr. - 
,.         1       ,,      1  navicularis,  ^fant. 
„         [Deam.]  ootoeulcatni.  Sharpe 

[      „     ]  planulatUB.  iiow.  • 
„         [Fhylloceras]  Persensii^e  (rron8 
(-Am.    velledie,  Sharpe 
non  Mich.) 
„         [Hoplitea]  renauxianuB,  Sharj)e 

non  d'Orb. 
.,         [8chloenb.]Renevleri,  Shari)e 
„         [Acanth.  ]  rotomagensls.  Brongn 
„         [Hoplites]  »tixhyl,  Sharite 
„         [Schloenb.]  Tarians.  Sow.  - 
„         [      „       1  Coupel,  Bronan. 
[Prlonot.]  Woolgarl  ?  Jf  arif. 
Anisoceras  annatus.  Sow. 
Kaculites  hacnloldes,  (f  Or5. 
Belemnites  ultimus,  d'0r6.   • 
Hamites  armaius  {tee  Anisoceras) 

sp.    •••••• 

Nautilm  deflloiigchampsianus,  d'Orb.  - 
„       ele/ans,  Sow. 
„       subleevigatUB,  d'Orb. 
Scsphltes  wqualis,  .'•ou?. 
Tiirriiites  Bergeri,  BrotigH.  - 
„         coetatns,  Sow. 
„         Mantelli,  6Aar/>0  - 
„         Morriti,  Sharps    - 
„         scheuchserianui,  Bo»c. 
„         tuberoulatns,  Bntc. 
„        WIesti,  Sharpe 
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Ij8T  of  FOSIMLS  PEOM  THE  ChaLK  MaBL  OP  THE  IttLB  OF  WlGHT.— confrf. 


JkdWoa  aBlnlk,  Sow. 
AponlwbullcadilU,  liard. 

AtelkiuB  a^aOrh.  - 
y!«roti>«B»rt«  >p. 
Smuclniili  ip. 

LaatrHibraiirhiaH 

Arm  in. 

AB«llliuiKr7pliiE«ldB.&u'. 


.     Bloboo,  SoK. 

„     onwM,  d'Ori. 

'OMm  (iwu.  rarL 


,      elcnntai  Lam  t 

.,     iwOlniliria.  »i>r. 

.      (NeiUieaJ  qiilwiiw 

PtululiinDi  dsciuHlii.  f 

IkdlollMg  MuItooJ,  Ma-U 
Spcmdjliut; 


KlBKflu  KniJi.  i)</>-. 
Tb)n*  GeinlUI.  AUaertt. 
Bhjueihaailhtmduit,  tfOrb. 

„  irrtalollluu,  Sfite. 

„  lUrtlnl,  Xbhi. 

Tcnbninla  hlptloM.  Sow.  - 

,.  arcmta,  Roemtr 

innlKJobon.  Siw. 

^HlUlgul»ri^  Elk.- 


niduli  dlulmUli 
GlyphoCTphni  n 


FatUiU*  alittanCni,  J 


rkl,  Wwt**  - 

»,OoW. 

CrMlL-iiluia  FllUml,  Jfanl. 
CbBnendopon  ip-  - 


JlmlloCroctnu? 


T.Smi 


SJpbouli  IP 


librow.  r.  AhIU  - 
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The  higher  beds  (zone  of  HolaMer  suhglcbosus)  seem  to  contain 
but  few  fossils,  but  Messrs.  Griffiths  and  Brydone  inform  us  that 
they  have  obtained  the  following  species  :-- 

Holaster  suhglobosus. 
Terebratulina  striata. 
Ostrea  vesicularis. 
Pecten  orbicularis. 
Teredo  amphisbsena. 

Mr.  Hill  obtained  HoL  subglobosua,  Hoi.  trecensns  and  Disooidea 
cylindrica  from  this  zone,  but  no  fossils  have  yet  l)een  obtained 
from  the  Belemnite  Marl. 


lOWra  GHALK— SOUTH  UOBSET.  St.'J 
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THE  LOWEli  CHALK  IN  SOUTH  DOllSOT. 


G  KNER  A  L     D?:SCRI  PTION. 


It  lias  been  stated  in  the  previous  chapter  that  iu  i>a«8iug  from 
the  eaHtern  to  the  weetern  part  of  the  Me  of  Wight  tlie  Lower  Chalk 
deoreases  in  thickness  from  over  200  to  only  IGl  feet,  and,  further, 
that  the  decrease  occurs  mainly  in  the  zone  of  Ammonites  variant. 
This  thinning  of  the  Lower  Chalk  continues  westward,  though  not 
quite  so  rapidly  at  first,  for  in  the  space  between  Compton  Bay 
and  Ballard  chfi*,  near  Swanage,  the  decrease  only  amounts  to 
18  feet,  the  total  thickness  at  the  latter  place  being  about  143  feet. 
At  Worbarrow  Bay,  however,  eleven  miles  farther  west,  it  has 
lessened  to  92  feet ;  at  Mupe  Bay  it  appears  to  be  107  feet ;  at 
Lulworth  Cove  the  beds  seen  only  nieas\u:e  58  feet,  and  though 
at  this  locality  there  seems  to  have  been  some  crushing  and  faulting 
out,  yet  there  is  evidence  further  west  that  the  thickness  of  the 
Lower  Chalk  does  not  exceed  80  feet,  which,  however,  it  seems  to 
maintain  to  the  vicinity  of  Abbotsbury. 

It  is  also  a  very  noticeable  fact  that  this  thinning  is  accompanied 
by,  and  in  all  probability  is  owing  to,  a  diminution  in  the  amount 
of  argillaceous  matter  present.  Near  Swanage  the  formation  still 
consists  of  alternating  beds  of  chalk  and  marl,  though  the  former 
preponderates  ;  but  at  Worbarrow  Bay  this  has  ceased  to  be  the 
case,  and  there  is  nothing  to  be  called  marl  in  the  lower  part  of  the 
stage,  the  only  beds  of  such  a  nature  being  in  the  upper  part. 

With  respect  to  the  base  of  the  Lower  Chalk  and  the  plane  of 
separation  from  the  Greensand  no  mistake  can  be  made.  There 
IB  an  abrupt  transition  from  nodular  sandstone  to  sandy  chalk, 
and  the  surface  of  the  sandstone  is  somewhat  waterworn  and  un- 
even, as  if  it  had  been  swept  by  currents.  The  basement  bed  of 
the  Chalk  has  usually  been  called  Chloritic  Marl,  simply  l:)ecau8e 
it  contains  much  glauconite  and  many  ])ho8phatic  nodules,  and 
occupies  a  position  that  corresponds  with  that  of  the  Chloritic  Marl 
in  the  Isle  of  Wight.  But  whether  it  is  strictly  the  equivalent  of 
that  bed  (i.e.  of  the  subzone  of  Stauronenia  Carteri),  is  a 
matter  of  doubt,  for  no  specimen  of  that  fossil  has  yet  been  found 
in  Dorset ;  moreover,  casts  of  Scaphites  ceqiuUis  are  very  abundant 
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ill  the  Dorset  nodule  bed,  whereas  in  the  Isle  of  Wight  this  species 
is  so  rare  in  the  Chloritic  Marl  that  only  one  or  two  specimens  have 
been  found,  though  it  is  common  enough  in  the  chalk  between 
10  and  20  feet  above  that  horizon. 

These  facts,  taken  in  conjunction  with  the  visible  signs  of  erosion, 
make  it  probable  that  the  so-called  Chloritic  Marl  of  Dorset  is  merely 
the  local  liase  of  the  Chalk,  and  corresponds  to  a  slightly  higher 
horizon  than  that  characterised  bv  Staurarwma  Carteri.  There 
is  a  gap,  and  some  l^eds  are  missing,  either  because  deposition  ceased 
for  a  time  or  because  the  influx  of  a  strong  current  destroyed  some 
of  the  previously-formed  de|X)8it.  Probably  some  beds  were  formed 
and  broken  up  again,  l^ecause  many  of  the  phosphatic  casts  in  the 
nodule  bed  are  broken  and  rolled  ;  others,  however,  are  sharp,  and 
cannot  have  been  transported  from  a  distance.  On  the  whole,  it 
seems  improbable  that  any  deposition  was  in  progress  during  the 
epoch  of  the  Sfnuronema  beds,  for,  if  such  had  been  the  case,  phos- 
phatised  remains  of  that  calcareous  six)nge  would  probably  have 
occurred  as  derived  fossils  in  the  existing  nodule-bed. 

With  regard  to  the  upper  portion  of  the  stage,  which  we  have 
hitherto  called  the  zone  olHolaster  sidygUibosus,  we  are  in  Dorset 
confronted  with  a  zonal  difficulty  of  some  importance  ;  for  through- 
out Dorset  this  species  of  HoJaster  is  common  in  the  zone  of  Am, 
(SchZoenbddiia)  varixiTiSy  and  is  very  rarely  found  in  the  higher  beds, 
a  distribution  the  exact  reverae  of  that  which  prevails  in  the  mid- 
land and  south-eastern  counties. 

Thus  the  species,  which  forms  a  good  index  of  the  zone  elsewhere, 
would  completely  mislead  a  collector  in  Dorset ;  but  the  zone,  re- 
garded as  so  much  chalk,  remains,  and  if  another  local  index  of  it 
could  be  found  the  difficulty  would  l^e  slight,  for  we  should  merely 
have  to  say  that  the  zone  of  "  so  and  so  "  in  Doi'set  is  the  equivalent 
of  the  zone  of  Holuster  sufjglolHmis,  in  Kent  and  elsewhere.  Unfor- 
tunately in  Dorset  these  beds  have  yielded  but  a  small  number  of 
fossils,  and  none  of  them  have  a  restricted  range.  Thus  the  zone 
here  is  marked  off  rather  by  negative  character  than  by  the  pos- 
session of  any  special  fauna.  It  is  not  merged  into  the  zone  of 
Sdiloerhbadiia  varianSy  for  the  range  of  that  species  and  of  othere 
associated  with  it  is  strictly  limited,  and  it  may  be  urged  that  if 
the  beds  in  question  were  more  fossil  if  erous  the  usual  restriction 
of  some  of  the  species  would  be  observable.  Still,  it  is  useless  to 
deny  that  in  this  case  the  zonal  method  fails  us  ;  for,  in  spite  of  the 
fact  that  the  becLs  themselves  are  well  develoj^ed  and  have  in  the 
Lsle  of  Purbeck  a  thickness  of  from  50  to  104  feet,  it  has  not  yet 
been  proved  that  there  is  such  restriction  of  species  within  this 
thickness  as  the  zonal  method  teaches  us  to  expect. 

Another  peculiarity  in  the  Clialk  of  Doi*set  is  the  setting  in 
of  a  band  of  hard  smooth  chalk  above  the  Belemnite  Marl.  Tliis 
band  is  six  feet  thick  in  Ballard  cliff  and  thickens  westward  till  it 
is  more  than  20  feet  in  Lulworth  Cove.  As  in  other  parts  of 
England    the    Belenmite   Marls    are   succeeded    directly    by    the 
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Melbourn  Rock,  we  have  had  some  doubt  whether  this  inter- 
mediate band  should  be  regarded  as  belonging  to  the  Lower  or 
to  the  Middle  Chalk.  It  contains  very  few  fossils,  and  such  as 
we  could  lind  were  not  of  characteristic  Lower  Chalk  species  ; 
more  recently. D.  A.  Rowe  luia  obtained  Middle  Chalk  species 
from  these  Ijeds,  and  has  consequently  placed  them  in  the  zone 
of  Rhfftich.  Cuvieri. 

Stratigraphical    Details. 

In  describing  the  coast  sections  in  this  district  it  will  be  convenient 
to  give  the  complete  vertical  succession  at  each  locality  tiist,  and 
then  to  indicate  the  zonal  divisions  so  far  as  it  is  possible  to  do  so. 

The  first  section  to  be  noticed  is  that  of  Ballard  cliff,  on  the  north 
side  of  Punfield  Cove,  near  Swanage.  Part  of  the  Lower  Chalk 
here  was  described  by  Mi*.  H.  G.  Fordham  in  187()*  and  very 
briefly  by  Dr.  Barrois  in  the  same  year.f  It  was  measured  more 
carefully  by  Mr.  A.  Strahan  in  1888.J  The  following  account 
is  based  on  that  of  Mr.  Strahan,  with  the  addition  of  some  details 
given  by  Mr.  Fordham  :  — 

ft.    ill. 
'Smoothgrey  marl  (Belemnite  Marl)      -        -        -        -     5    0 
Alternations  of  greyish-white  chalk  and  bluish-grey 
ToskTl—Am.  [Acantk.]  Mantelli  and  Am,   \^Acauth.^ 

navicularis-        -        - 84    0 

Similar  beds,  with  two  or  three  layers  of  greenish  phos- 

phatic  nodules— ^w.  [Acanth].  navicularis       alnjut  20    0 

f  Alternations  of  bluish  shaly  marl  and  harder  grey 
chaXk— A7n.[ASchloenb.]  varians,  etc. - 
Hard  chalk  marl,  weathering  into  rhomlK)id  pieces    - 
^  V  Very  hard  splintery  chalk 

Sandy  and  glauconitic  marl 

Glauconitic  sandy  chalk,  with  phosphatic  nodules  and 
\    scattered  fossils  -        -        -  -  -     4    0 

About  143  0 
Mr.  Rhodes  was  instructed  to  make  a  careful  search  for  Avi. 
(SdUoenb.)  varinns  in  thase  beds,  but  ho  could  not  find  a  fi'agment  of 
one  higher  than  30  feet  alx)ve  the  top  of  the  bisement  bed,  nor  was 
it  common  anywhere  except  in  that  l>ed.  It  would  appear,  there- 
fore, that  the  zone  of  Avi.  varUiiis  is  barely  more  than  34  feet  thick, 
but  when  we  recollect  that  its  thickness  at  Comptoii  Bay  (omitting 
the  subssone  of  Stauronema  Carteri)  is  only  52  feet  the  difference 
is  not  greater  than  might  be  exi)ected.  As  however  we  are  un- 
certain whether  this  is  really  the  upper  limit  of  the  zone,  we  liave 
grouped  the  beds  into  bracket  A  and  bracket  B. 

If  the  overlying  beds  \v\\h  phosphatic  nodules  do  not  belong  to 
the  Am.  varians  zone  they  must  be  grou])ed  with  those  that  represent 
the  zone  of  Holaster  subglobosus,  which  will  thus  have  a  thickness 
of  104  feet,  and  be  thicker  than  in  the  Isle  of  Wight ;  but,  instead 

*  Proc.  Geol.  Assoc,  Vol.  iv.  p.  506. 
t  Rccherches  sur  le  Terr.  Cret.  Sup.  p.  101. 

I  See  Geology  of  the  Isle  of  Wight,  1889,  and  Geology  of  the  Isle  of  Pur- 
beck,  p.  167  (1898). 
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of  the  massive  whitish  chalk  which  constitutes  the  zone  in  that 
island,  we  have  here  alternating  beds  of  chalk  and  marl,  and  the 
greater  thickness  may  be  due  to  the  local  increase  of  argillaceous 
matter  in  the  Lsle  of  Purbeck.  Fossils  are  scarce  in  these  beds, 
but  Am.  (Acanc/i.)  navicularis  occurs  to  within  20  feet  of  the  top. 

The  Belemnite  Marl,  which  is  here  only  five  feet  thick,  increases 
t<)  12  feet  near  Corfe,  where  it  has  been  extensively  quarried  and 
mined  for  cement-making,  and  where  an  unusually  large  nmnber 
of  fossils  reward  the  labours  of  Mr.  Rhodes  (see  list  at  the  end  of  the 
chapter).  The  presence  of  Scaphites  oiq^mlis  and  PUcatida  infiata 
among  them  justifies  the  retention  of  this  zone  in  the  Lower  Chalk 
or  Cenomanian  stage. 

The  outcrop  of  the  Lower  Chalk  reaches  the  coast  again  at 
Flower's  Barrow  by  Worbarrow  Bay,  where  a  good  clear  section  is 
exposed  in  the  cliff  This  was  measured  by  Mr.  Strahan*  and 
subsequently  by  Mr.  Khodei?  when  collecting  fossils  there ;  they 
agree  closely  in  total  thickness,  but  as  Mr.  Rhodes'  account  gives 
rather  more  detail,  it  is  here  reproduced  :-- 

ft. 

..  /Buff  marl  (Belemnite  band)      -  -       6 

I  Buff  blocky  chalk  with  marly  partings      -        -         about  55 
[Massive  grey  chalk  with  siliceous  nodules     -        -        -     21 

T    J  Massive  grey  chalk,  glauconitic  at  the  base    -        -        -       6 
1  Sandy    glauconitic    chalk    with    scattered    phosphatic 
I     nodules  ("  Chloritic  Marl ")  -       ...       -      4 

92 

It  will  be  noticed  tliat  the  zone  of  AmvKmites  ixirian^,  or  Group 
A,  has  here  put  on  quite  a  difl'erent  aspect ;  it  no  longer  contains 
layers  of  chalk  marl,  but  consists  entirely  of  massive  chalk,  and  it 
contains  lumps  of  grey  siliceous  stone  with  cores  of  black  flint, 
lumps  which  do  not  come  away  freely  as  flints  usually  do,  but  adhere 
to  the  surrounding  chalk,  so  that  there  seems  to  be  a  kind  of  pas- 
sage from  chalk  to  flint.  Such  flints  occur  in  this  zone  throughout 
the  west  of  Doi-set  and  the  adjoining  part  of  Devon.  The  only 
fossils  found  in  it  at  Worbarrow  were  Am.  [Acanth.]  rotoma^ensis, 
Pleiirotomaria'  perspectiixi  't  and  Ostrea  ve^icvlaris. 

The  Group  B  is  similar  to  that  in  Ballard  clift",  except  that  it  is 
only  half  as  thick,  and  the  total  thickness  has  diminished  from  143 
to  92  feet. 

In  Mupe  Bay  (formerly  spelt  Mewps)  the  I^ower  Chalk  occupies  a 
veiy  narrow  space,  owing  to  the  high  dip,  which  is  from  70°  to  80**. 
Mr.  Hill  examined  this  section  in  1893,  and  again  in  1900,  and 
felt  convinced  that  what  had  been  regaixled  as  "  Upper  Green- 
sand  "  was  in  realitv  a  downward  continuation  of  the  sandy 
basement  bed  of  the  Chalk,  and  on  the  second  visit  he  obtained 
fossils  which  confirmed  this  opinion.  In  April,  1901,  Mr.  Strahan 
revisited  the  section,  in  company  with  Mr.  Hill,  and  was  able  to 


*  Geology  of  the  Isle  of  Purbeck,  etc.,  1898,  p.  176. 
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concur  in  this  view,  afterwards  publishing  a  note  thereon  in  the 
Geological  Magazine,  from  which  the  following  remarks  are  taken*: 
— "  The  Lower  Chalk  becomes  extremely  impure  in  its  lower  part, 
and  contains  much  glauconite  ;  it  thus  graduates  insensibly  down- 
wards into  a  gritty  glauconitic  sand.  The  sand  contains  a  few 
phosphatic  casts,  more  or  less  worn  or  corroded,  scattered  through- 
out it,  but  has  a  well-marked  nodule  bed,  crowded  with  these  casts, 
at  its  base ;  other  fossils,  with  the  shell  preserved  and  not  filled  in 
with  phosphate,  occur  also  throughout  the  whole  bed."  The  total 
thickness  of  very  sandy  chalk  and  glauconitic  sand  is  about  15  feet, 
and  it  is  throughout  rather  hard.  The  nodule  bed  at  its  base  is  in 
contact  with  a  sandy  glauconitic  clay,  which  forms  part  of  the  Gault, 
so  that  the  whole  of  the  Upper  Greensand  is  absent  at  this  place. 

At  the  top  of  the  cliff,  200  yards  west  of  the  section  on  the 
beach,  tbe  same  bed  is  again  seen,  with  about  the  same  thickness, 
but  resting  on  soft  Upper  Greensand,  of  which  about  40  feet  is 
seen.  The  question  arises  as  to  whether  these  appearances  are 
caused  by  faulting  or  by  erosion.  Mr.  Strahan  considers  that  there 
is  evidence  for  both,  but  thinks  that  the  amount  of  erosion  must 
have  been  slight,  because  of  the  absence  of  any  fragments  of 
chert  in  the  nodule  bed.  To  us,  however,  this  seems  a  small 
diflBculty,  since  there  is  no  chert  in  the  Upper  Greensand  of 
Worbarrow  Bay,  though  it  does  occur  at  Lul worth.  We  are 
disposed  to  think  that  there  was  very  considerable  erosion  of  the 
"  Greensand  "  during  the  formation  of  the  basement  bed,  and  that 
the  phenomena  are  largely  due  to  erosion,  though  probably  in 
part  also  to  a  fault.  We -have  little  doubt  that  the  glauconitic  sand 
which  here  forms  the  basement  bed  of  the  Chalk  has  been  derived 
from  the  Upper  Greensand,  and  that  it  occupied  a  trough  or 
channel  eroded  in  that  Greensand  by  current  action,  though, 
owing  to  the  co-existence  of  a  fault,  we  are  unable  to  ascertain  to 
what  depth  this  erosion  extended. 

Messrs.  Hill  and  Strahan  re-measured  the  Lower  Chalk  of  Mupe 

Bay  during  their  joint  visit  in  1901,  but  report  that  it  in  difficult 

to  be  sure  of  the  U>tal  thickness,  because  of  the  broken  condition 

of  the  chalk  and  the  occurrence  of  at  least  one  fault,  which  occurs 

just  below  the  Belen\nite  Marl,  and  appears  to  have  a  throw  of 

about  10  feet.    Allowing  for  this,  Mr.  Hill  thinks  the  thicknesses 

of  the  several  parts  are  approximately  as  follows : — 

ft. 
f    Pale  bluish-grey  marl  (Belemnite  Marl)    -        -        -       7 
Bv    White  chalk  in  regular  courses  separated  by  marly 

I  bands,  about 40 

Massive  white  chalk,  becoming  greyer  below  -        -    30 
Massive  greyish  chalk,  containing  scattered  flinty 

concretions,  and  passing  into  the  next      -        -    15 
Sandy  glauconitic  chalk,  passing  down  into  rough 

8and,  with  a  layer  of  phosphatic  nodules  at  base     15 

]C7 

♦  Oeol.  Mag.,  Dec.  iv,  Vol.  viii.  p.  319. 
4219.  a 
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It  will  1)6  noticed  that  this  total  of  107  feet  only  exceeds  the  thick, 
ness  at  Worbarrow  Bay  by  just  the  thickness  of  the  sandy  base- 
ment bed. 

Of  the  section  in  Lulworth  Cove,  Mr.  Strahan  says  that  it  is 
less  ac'cessible  than  that  of  Mupe  Bay,  "  but  the  marl-bed  can  !)e 
rexu'Hed  without  difficulty  on  the  north-west  side  of  the  covo." 
Mr.  Strahan  evidently  assumes,  as  previous  observers  liave  done, 
that  this  band  of  marl,  which  is  about  six  feet  thick,  is  the  Belem- 
nite  Marl,  but  he  does  not  attempt  to  explain  its  position,  which 
is  little  more  than  30  feet  above  the  basement-bed.  Profes^•()r 
Barrois  measured  the  section  in  1875,*  and  made  the  thickness  of 
beds  Ijetween  the  l>ase  of  the  Chalk  to  the  base  of  the  marl-band 
from  32  to  35  feet.  Mr.  W.  Hill  measured  the  same  space  in 
1892,t  and  made  it  from  30  to  32  feet ;  but  on  his  last  visit  in 
1901  he  noticed  that  the  true  Belemnite  marls  were  either  cut 
out  by  a  slip  fault  or  were  hidden  by  talus. 

The  marl-bed  which  has  hitherto  been  taken  for  the  subzone 
of  AdinocamcLX  'plenus  is  of  a  yellowish-grey  or  buff  colour, 
and  weathers  into  thin  platy  pieces,  thus  having  a  different 
aspect  from  the  bluish-grey  Belemnite  Marl  of  Mupe  Bay.  Mr. 
Hill  therefore  came  to  the  conclusion  that  it  was  not  the 
Belemnite  Marl,  but  a  development  of  one  of  the  layers  of  marl 
which  occur  throughout  the  zone  of  Hola^ter  subglobosus  in  Mupe 
Ba\\  The  real  Actinocamax  marl  is  not  seen  in  the  cliff,  but 
Mr.  Hill  noticed  a  fallen  block  on  the  shore,  w^hich  consisted  of 
marl  having  the  usual  local  character  of  that  band ;  and  it  was 
probably  from  such  a  block  that  Professor  Barrois  obtained  the 
specimen  of  Act,  phnns  which  he  records  as  found  here.  Only  a 
small  area  is  accessible,  and  neither  Mr.  Hill  nor  Mr.  Rhodes 
succeeded  in  getting  fossils  except  from  the  basement-bed,  but 
the  total  thickness  of  the  Lower  Chalk  is  probably  from  75  to 
78  feet.  The  follo\nng  are  the  details  of  this  section  as  measured 
byMr.  HiU:- 

ft 
White  chalk  in  lenticular  beds,  with  partings  of  greenish 

marl 20 

Smooth  grey  marls -       -       -6 

White  chalk  divided  into  beds  by  thin  seams  of  marl  -  16 
Blocky  white  chalk  with  siliceous  concretions  -  -  -  12 
Glauconitic  chalk  with  phosphatic  nodules  and  some  fossils      4 

58 

In  Durdle  Cove  the  chalk  is  too  much  crushed  and  faulted  to 
be  measurable  (sec  p.  419). 

At  AVhite  Nothe  the  clifV  above  the  Chert  Beds  shows,  according 
to  Mr.  Strahan,  from  40  to  45  feet  of  chalk,  smooth  and  white, 
with  some  layers  of  marl,  and  having  three  layers  of  flinty  nodules 

•  Bccherchcs  sur  le  Terrain  Crs't.  Sup.  1876,    p.  93, 

t    Quart.  Jourii.  Geol.  Soc.  Vol.  tii.  p.  1U9.  .  ..  r  . 
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at  G,  12,  and  30  feet  above  the  base.  The  thickness  of  the  glaii- 
conitic  chalk  at  the  base  is  about  3  feet,  and  the  dip  is  about  5"" 
to  the  east.  "The  [DdeTnnite]  marl-bed  rises  from  the  beach 
300  yards  west  of  the  ledge  of  Chert  Beds  and  reaches  the  top  of 
the  cHff  280  yards  west  of  Holworth  House."  In  Mr.  Strahan*s 
section  (Geology  of  the  Isle  of  Purbeck,  Plate  ix.)  the  Lower 
Chalk  is  showTi  as  over  100  feet  thick,  but  the  Belemnite  Marl  has 
been  drawn  too  high  up,  making  the  Middle  Chalk  too  thin.  A 
dip  of  5"*  for  300  vards  brings  in  78  feet,  and  this  is  probably 
atx)ut  the  real  thickness  of  the  Lower  Chalk. 

The  late  C.  J.  A.  Meyer  kindly  communicated  the  foUon^ing  note : — 
**  At  the  base  of  the  massive  clialk  in  the  cliff-face  there  is  a  bed 
aljout  three  feet  thick  containing  green  grains  and  small  phos- 
phatic  fragments.  This  rests  on  a  rough  bed  about  six  inches 
thick,  full  of  green  grains  and  nodules,  with  many  fossils  (see  list 
on  p.  100),  resting  on  a  bed  of  grit  which  has  an  eroded  and 
perforated  surface.*' 

Inland,  along  the  line  of  the  great  Ridgeway  fault,  there  are 
few  exposures  of  the  Lower  Chalk,  it  being  for  the  most  part  faulted 
down  out  of  sight. 

Professor  Barrois  found  a  quarry  open  near  East  Chaldon  which 
showed  its  lower  beds  and  the  basement  bed ;  from  chalk  with 
siliceous  concretions  he  obtained  Am,  [AcaiUh.]  Mantdlif  Scaphitcs 
cequaliSy  Inoceramxis  striatits,  and  Lima  semiomata.* 

Higher  beds  are  exposed  in  a  small  quarry  north  of  Bin- 
combe  church,  where  the  following  section  was  seen  by  Mr.  W. 

Hill  and  myself  in  1893:- 

ft. 
Melbourn  Rock  (?),  rather  hard  nodular  chalk,  4  feet  seen    - 
Hard  smooth  chalk  in  lenticular  beds  with  marly  partings         14 

Tough  grey  marl 5i 

Hard  white  chalk 3 

Firm  chalk  in  thick  beds,  containing  siliceous  nodules  with 
flint  cores 9 

In  a  chalk-pit  half  a  mile  west  of  Little  Cheney  (east  of 
Bridport)  Mr.  Strahan  saw  the  following  section : — 

ft.   in. 
(  Hard  nodular  chalk,  partly  laminated  and  partly  made 
of  streaky  chalk    alteinftting  with    rough  nodular- 
bands.    A  few  flints  in  lower  part 

Grey  marl  or  shaly  chalk 

Massive  chalk  with  1  inch  of  blue  clay  at  base 
Sandy  white  chalk  (base  not  seen)  -        -        -        - 

Beds  not  seen 

.  Chloritic  Marl  (top  not  seen)  -        .        -        . 

Upper  Greensand — Calcareous  grit^  seen  for  - 

•  Recherches  sur  le  Terr.  Cre't  Sup.,  1876,  p.  86. 
4210.  G  2 
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Of  the  Chloritic  Marl  here  Mr.  Strahan  remarks  that  it 
contains  "  rolled  brown  phosphatic  casts  of  fossils  in  a  matrix  of 
chalky  glauoonitic  marl.  At  its  base  the  phosphates  are  especially 
abundant,  and  are  mixed  with  vivid  green  rolled  fragments  of 
grit  and  many  dark  green  or  black  grains.  The  surface  of  the 
grit  below  is  vivid  green,  and  has  been  eroded  into  holes  in  which 
the  marl  rests." 

I  observed  similar  relations  between  the  base  of  the  chalk  and 
the  top  of  the  Selbornian  in  a  pit  on  Chilcombe  Hill  still  further 
wejt ;  here  also  pebbles  of  the  grit  occurred  in  the  glauconitic 
chalk,  but  there  were  few  phosphatic  nodules. 

m 

The  {oUowmg  lists  of  fossils,  obtained  from  the  different  parts 
of  the  Lower  Chalk  at  the  localities  above  described,  have  been  drawn 
up  from  several  sources,  (1)  from  collections  made  for  the  Survey 
by  Mr.  J.  Bhodes,  (2)  from  the  lists  published  by  Mr.  Fordham 
and  Prof.  Barroia.  (3)  from  a  list  kindly  communicated  by  Mr.  C. 
J.  A.  Meyer  of  fossils  collected  by  him  from  the  basement  bed  at 
White  Nore. 

The  letters  indicate  the  localities  at  which  the  species  have  been  found 
thus  :— 

b—  Ballard  cliff.  m = Mupe  Bay. 

c — Pits  near  Corf  e.  1 = Lul worth  Cove, 

w  =»  Worbarrow  Bay.  r  =«  Ringstead  and  White  Nore. 

X"-Chaldon  (from  Museum  Catalogue  of  Cretaceous  Fossils  and  from 
Barrois*  Recherches.) 


List  of  FossUiS  from  thk  Basement  Bed. 
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Lamna  appendiculata,  Ag, 

Ammonites  [Acanth.J  hippocastanum,  Sharpe    - 

Mantelli,  Sow,    -       -       .       . 

navicularis,  Mant, 

rotomagensis,  Brongn, 
Haploceras]  vectensis,   Sharpe 

tSchloenb.]  varians,  Sow. 
„       1  Coupei,  Brongn,       -        -        -        , 

BacuUtes  baculoides  f  Sow. 

Nautilus  subljBvigatus,   d'Orh.     --•--• 

„        expansus.  Sow.  

„        largilliertianus,  d'Orh.    -        .        .       -        • 
Scaphites   sequalis,    Sow,  

„              „      var.    obliquus,    Mant, 
Turjrilites  Bergeri,  Brongn, - 

„        costatus,    Lam.      ------. 

„        Wiesti,   Sharpe       ------, 

Aporrhais    sp.        -        -  -       ^        .        .        -        , 

Avellana  cassis,  d'Orb. - 

Pleurotomaria  sp. -- 

Solarium   ornatum    ?   Sow. ..r 

Area  sp. 1 

Cardita  tenuicosta  ?  Sow.      -------x 

Cardiura    mailleanum,    d'Orb. -    r 

Chama  cornucopiae,  d'Orb.    -  x 
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Localitie 

Inoceramus  latus,  d'Orb. x 

„         striatus.  Sow, X 

Lima  semiornata,  d'Orb,     -       -       -       -  -  ni 

Ostrea  canaliculata,  Sow. m 

„      vesicularis,   Lam, bx 

Pleuromya   sp. r 

Pecten  [Neithea]  quadricostatus,    Sow.       .       .       .       .  b 

Spptifer  lineatus,  Sow. x 

Unicardium   ringmeiiense,    Mant x 

Crania  cenomanensis,  d*Orb. r 

Kingena  lima,  Defr. r 

Rhynchonella  dimidiata.  Sow. r 

„  lineolata,    Phil. b 

„  mantelliana,  Sow. b 

Terebratula   arcuata,   Roemer 1 

„  biplicata,  Sow. bx 

„  obesa,    Sow. r 

„  ovata,    Sow. r 

„  squamosa,    Mant. x 

„  semiglobosa,   Sow. blmz 

Terebratella  pectita,  Sow. r 

Catopygus  columbarius,  Lam. r 

Disooidea  cylindrica,  Lam. rx 

„        subuculus,  Klein. mr 

Galerites  castaaea,  d'Orb.  - rx 

Epiaster  sp. ni 

Holaster  Isevis,  de  Luc r 

„       subglobciBus,  Ag. Imrx 

„        suborbicularis  ],  Cott. r 

„        trecensis,  Leym. mr 

Pyrina  sp. r 

Serpula  antiquata,   Sow. m 

„      vermes,  Sow. .r 

List  of  Fossils  from  the  Lower  Chalk. 


TDchodiu.  sp. 

OdonUspit,  Bp. 

AmnKmltM  [Acanth.]  MAntelli,  Sow.    • 

„  „        D%rion\BT\%  Mant. 

„  M        rotomagensis,  Brongn. 

„  „        sauexieDtiB,  IfanC. 

,,        [SchlcBnb.]  Tarians,  S^. 

Baeulltaa  •  

Actinocamax  plenuB.  Blainv.- 
NaatilQB  elegans  ?,  Sow.        .... 
„       expanBoa,  Sou?.         .       .       .       . 

Rcapbltaa  KquallB,  Sow. 

TurrllttM  flcbencbxerlaoiiB,  Bote 

,>        »P- 

Plaurotomarta  p«nMctlTa  T,  Mant, 
Inoeeramiii  BronfCDUurtl  ?,  Sow.    • 
„        coneiformii  ?,  eTOrb.  • 
„        mytUoldet,  Mant. 
„        Btriatiii,  5^.     .       .       .       . 
,,  .,       var.  with  oIom  lat  rlbt 

Uma  g^oboia,  dov. 

„    eloiiaata.  Sow. 

Ostiva  TauBiilarif,  Lam,        .... 

Pecten  Bea^eii.  Sow, 

orbfculailt,  SSpv.        .       .       .       . 
Plleatnla  pectlooldea,  5010.   .       .       .       . 
„  „  var.  loflata.  Sow, 
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List  of  Fossii^ 

FROM  THE 

Lov 

k'ER  Chalk- 

-contd. 

.Zone  of 

Zone  of 
Am.variani. 

Holaster 
■abglo< 

Subzone 

of 

boBua. 

Act.  pleniu. 

Rhjnchonella  CuTieri,  (f  Or6. 

• 

_ 

1 
e 

„            mantalliana,  iSiou*.  • 

t 

— 

._ 

„            plicatiliB,  Sow. 

— 

_ 

be 

TerebratuU  seniigloboM,  Soic. 

b 

_ 

c 

Tfcrebratulina  striaU,  Wahl. 

— 

_ 

G 

Cidnris  (pUt«  oO    -       •       -        ■ 

— 

b 

— 

Discoidea  cylindrica,  Lam.  • 

b 

— 

— . 

.,         sabuculua,  EUin  • 

" 

b 

_ 

HulMter  tubglobotus,  Ag. 

br 

•^ 

— 

„       trecenftis,  LfyNt.     • 

b 

w 

— . 

OEsicles  of  Btar-flBli 

_ 

.^ 

e 

SerpuU  antiquaU,  Sow. 

M  IcrabacU  (7  coronola.  Gold/. )    • 

— 

b 

m 

.— 

CraticuUria  Fittoni,  IfatU.  • 

m 

__ 

_ 

Plocorcyphia  labroM,  Smith 

m 

— 

— 
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CHAPTER    IX. 

TkiL  LOWER  CHALK  IN  NORTH  AND  WEST  DORSET. 
SOMERSET,    AND   PARTS    OF  DEVON. 

In  this  chapter  it  will  be  convenient  to  describe  not  only  the 
exposures  along  the  main  outcrop  of  the  Lower  Chalk  through 
Dorset,  but  also  those  in  the  outliers  near  Crewkerne,  Chard,  and 
Axminster,  in  th^  area  where  the  counties  of  Dorset,  Somerset,  and 
Devon  meet. 

We  shall  regard  North  Dorset  as  extending  from  Melbury 
Hill,  near  Shaftesbury,  to  Melcombe  Bingliam,  wliich  lies  about 
half-way  between  Blandford  and  Cerne  Abbas.  Along  this  tract 
the  general  strike  of  the  Chalk  is  from  north-east  to  south-west, 
while  near  Melcombe  Bingham  it  changes  to  an  east  and  west  diroc*- 
tion.  The  remaining  part  of  the  county  will  be  described  under 
the  head  of  West  Dorset ;  and  thirdly,  the  still  more  western 
outliers  will  be  noticed. 

1.  NoBTH  Dorset. 

In  the  northern  part  of  the  county  the  Lower  Chalk  has  much 
the  same  facies  us  that  of  Hampshire  and  the  Isle  of  Wight,  but  its 
thickness  rapidly  diminishes  toward  the  south-west.  From  about 
180  feet  near  Shaftesbury  it  diminishes  to  about  100  feet  at  Mel- 
combe Bingham.  This  diminution  appears  to  result  chiefly  from 
the  thinning  of  its  lower  portion,  the  Chalk  Marl  or  zone  of 
Ammonites  varidns.  This  zone  can  be  traced  with  a  normal 
facies  and  with  the  usual  fossils  as  far  as  the  valley  of  the  Stour, 
but  west  of  that  changes  take  place,  and  the  marly  beds  either 
thin  out  or  change  laterally  into  purer  chalk.  Thus,  by  Ibberton, 
Woolland,  and  the  Melcoml)es  the  whole  division  consists  of  soft 
chalk,  without  any  hard  beds,  and  the  only  marl  is  that  which 
forms  the  simimit  of  the  stage.  In  this  part  of  the  area  the 
lowest  beds  are  soft  and  mealy,  the  higher  beds  are  firmer  and  more 
bl(X5ky,  but  fossils  are  rare  throughout,  and  it  is  really  impossible  to 
separate  the  zones  of  Ammimites  varians  and  Hoi  aster  suhglobosii.^ 
from  one  another.  I  surveyed  part  of  this  tract  in  1891,  and 
Mr.  Hill  continued  the  examination  of  the  more  westerly  pari 
in  1893. 

Zone  of  Ammonites  varians. 

Ah  excellent  section  of  the  pass^tge  beds  between  the  Greensand 
and  the  Chalk  is  exposed  in  a  large  quarry  on  the  north  side  of 
Melbury  Hill,  two  miles  south  of  Shaftesbiu-y.    The  passage  here  is 
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complete,  and  probably  no  two  obeervers  would  divide  the  beds  in 
exactly  the  same  way,  but  in  1891  the  succession  was  noted  by  me 
as  follows  :  — 


Soil 


Jjower , 
Chalk. 


Green- 
sand. 


/I.  Greyish  marly  chalk  with  a  rough  hard  bed  near 
the  top 

2.  Grey  sandy  and  marly  chalk      -       -       -       - 

3.  Firm  marly  chalk  with  grains  of  quartz  and  glau- 
conite.  In  one  part  this  was  shaly  at  the  base, 
but  it  passes  into  the  next         -        -        -        - 

4.  Very  sandy  glauconitic  marl  or  marly  sandstone, 

drying  to  a  light  greenish-grey  (many  fossils. 
—  Am.  [Schloenb,]  varians^  and  Stauronema 
Cartert)     -        -        -        -        -        '."" 

5.  Bough  glauconitic  sandstone,  darker  in  tint  (for 

details  see  Vol.  I.,  p.  160)  .       -       -       . 

6.  Soft  greenish  sandstone,  with  few  fossils     - 


ft 
1 

6 
4J 


2J 


\ 


4 
6 

28 


Lithologically,  one  would  put  the  base  of  the  Chalk  at  the  bottom 
of  No.  3,  but  the  bed  below  still  has  much  marly  or  chalky  matter 
in  the  matrix,  and  contains  the  usual  characteristic  fossils  of  the 
Chloritic  Marl,  so  that  palaiontologically  it  must  be  included  in 
the  Chalk.  There  is  no  break  between  4  and  5,  and  it  is  possible 
that  even  the  latter  should  be  excluded  from  the  Selbomian,  for  it 
contains  Am,  ManteUi  and  Turrilites  Bechei. 

This  quarry  has  yielded  many  fossils,  and  the  following  were 
collected  here  by  myself  and  Mr.  Rhodes  from  the  beds  numbered 
1,  2,  3,  4. 


Ammonites  [Hoplites]  curvatus  Mant     - 
Acanth.  J  ManteUi,  5'om;. 
[      „      ]  navicularis,    Mant. 
'Schloenb.]  varians,  Sow. 
[       „       ]  Coupei,  Brongn, 
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Nautilus  elegans,  Sow. 
Scaphites  sequalis,  Sow.    - 
Turrilites  costatus,  Sow.    - 

„        scheuchzerianus,  Bosc. 

„        Wiesti,  Sharpe    - 
Avellana  cassis,  d'Orb. 
Aporrhais  sp.     - 
Solarium  bicarinatum,  Tiessen 
Trochus  (casts  of  two  species)    - 
Area  sp.     -        -       -       -        - 
Avicula  sp.        -        -        -       - 
Inoceramus  latus,  d'Orb.   - 

„  mytiloides?  Mant. 

Lima  sp.  (cf.  aspera,  Sow.) 
Ostrea  vesicularis,  Lam.   - 
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Beds 

Bed 

Bed 

1  and  2. 

3. 

4. 

Pecten  orbicularis,  Sow.    -       -       .       - 

^^ 

^^ 

X 

„     elongatus,  (i'0r6.    -       -       -       - 

— 

— 

X 

Plicatula  inflata,  Sow,     .       -       .       . 

X 

— 

X 

iSpondylus  latus,  Sow.     -       -       -       . 

X 

• 

a 

Trigonia  vicaryana,  Lye,   -       -       -       - 

— 

X 

Rhynchonella  grasiana,  d'Orb.  -       -       - 

_ 

X 

X 

„           dimidiata,  Sow.  -       -        - 

X 

— 

— 

Catopygus  columbarius,  Lam.  ... 

— 

— 

X 

Discoidea  subuculus,  ^^{n        ... 

— 

__ 

X 

Holaster  subglobosus,  var.  altus,  Ag. 

— 

X 

Plocoscypbia  sp. 

— 

— 

X 

Stauronema  Carteri,  Sollas 



X 

There  are  several  expoeures  round  Melbury  Hill,  which  together 
make  up  almost  a  complete  section  through  the  Lower  Chalk.  The 
lowest  10  or  12  feet  is  seen  above  the  passage-beds  in  the  quarry 
described  above,  and  beds  which  may  be  regarded  as  an  upward 
continuation  of  these  are  exposed  in  a  small  pit  by  the  cottage  south- 
west of  the  hill.    These  are:  — 


Soil  containing  remains  of  a  layer  of  hard  chalk   - 

Grey  blocky  chalk  marl 

Course  of  hard  grey  chalk 

Grey  chalk  marl,  passing  down  into  bluish  sandy  marl,  with 
conchoidal  fracture,  coming  out  in  ball-like  lumps 


ft 
H 

i 

10 
14i 


Between  these  two  exposures  there  is  a  large  quarry  on  the  west 
side  of  the  hill,  a  cartway  leading  to  it  out  of  the  main  road.  At 
the  entrance  to  this  cartway  the  basement  beds  are  seen.  At  the 
entrance  of  the  quarry  there  is  soft  marly  chalk,  with  7  or  8  courses 
of  hard  grejTsh  chalk,  the  usual  southern  type  of  Chalk  Marl. 
Higher  up  are  massive  beds  of  firm  blocky  chalk,  alternating  with 
layers  of  soft  marly  or  shaly  chalk.  Still  higher  the  chalk  is  entirely 
blocky,  and  becomes  nearly  white,  passing,  no  doubt,  into  that  of 
the  zone  of  Holaster  svhglobosus  (see  p.  108). 

A  quarry  at  East  Compton,  about  20  feet  deep,  shows  grey 
marly  chalk  in  the  lower  part,  with  Am.  [Schloenb.]  varians,  and  at 
top  whiter  chalk,  with  several  beds  of  hard  chalk,  one  nearly  white, 
but  the  topmost  greyish-white  and  a  foot  thick. 

A  good  idea  of  the  whole  Lower  Chalk  succession  can  be  gained 
from  exposures  by  the  lane  leading  up  to  Sutton  Hill. 

The  Chalk  Marl  can  also  be  examined  in  a  quarry  at  the  north- 
west end  of  Hambleton  Hill,  near  Child  Okeford.  The  bottom  of  this 
is  probably  about  30  feet  above  the  Chloritic  Marl,  and  the  total 
thickness  of  the  Lower  Chalk  may  be  160  feet.  The  beds  on  the 
east  side  of  the  quarry  consist  of  soft  blue  and  grey  sandy  marls. 
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alternating  with  courses  of  hard  grey  chalk  dipping  to  the 
south-east  at  about  7°.  On  the  west  side  there  are  similar  beds 
for  about  30  feet,  succeeded  by  some  20  feet  of  massive  grey  chalk, 
so  that  there  seems  to  be  a  fault  striking  through  the  pit,  but  it  is 
not  clear.  Many  fossils  have  been  obtained  here.  I  found  Am. 
[Schloenb.]  varians,  Scaphites  (Bqualis,  Turrilites  sp.,  Bactdites  «p., 
liioceramus  latus  d'Orb.,  Peden  Beaveri,  and  P.  orbicularis  ;  and 
in  the  collection  of  the  Rev.  J.  Penny,  of  Tarrant,  are  Am,  [^Acanth^ 
rotomagensis,  Nautilus  degans,  Pholadomya  decussata,  Inooeramus 
cuTveiformis,  Pleurotomaria  .«?p.,and  another  large  naticoid  Univalve : 
also  a  Ptychodus  tooth. 

Similar  beds  of  soft  grey  marl,  alternating  with  courses  of  hard 
grey  chalk,  are  exposed  in  the  railway  cutting  a  mile  and  a  half 
south-east  of  ShilUngton,  and  here  also  fossils  are  coinmon,  the 
follo^ving  being  found  in  the  lowest  hard  bed: —Am.  [Schloemb,'] 
fxiriaiiSf  Am,  [Desm^oceras]  plcmvlatus,  Scaphites .  cequalis,  Fusus 
sp.y  Avicula  gryphcpoideSj  and  Discoidea  cylindrioa. 

South-west  of  Shillington,  and  about  a  mile  west  of  the  rail-cutting, 
is  a  quarry,  at  the  entrance  to  which  soft  marly  beds  are  seen,  but 
the  chalk  quarried  is  massive  grejosh  white  chalk.  This,  therefore, 
is  the  top  of  the  Chalk  Marl,  and  there  is  hardly  room  for  more  than 
50  feet  below  down  to  the  Greensand. 

The  base  of  the  Chalk  is  just  exposed  at  the  top  of  a  sand-pit 
half  a  mile  south  of  Okeford  Fitzpaine.  This  section  was 
described  in  the  fii^st  volume  of  this  memoir  (p.  164)  from  notes 
taken  in  1891,  but  Mr.  J.  Scanes  visited  this  pit  in  1901  and 
found  the  upper  part  of  the  section  better  exposed.  The  following 
account  has  been  comj)iled  from  the  notes  which  he  has  kindly 
placed  at  my  disposal.    The  beds  exjoosed  are  divisible  as  follows : — 

ft.    in. 

(Chalky  glauconitic  marl  with  pho§phatised  nodules 
and  fossils     --- 1        6 
Bed  of  nodular  concretions   closely  packed  in   a 
matrix  of  sandy  glauconitic  chalk       -        -        -      2        0 

Dark  green  glauconitic  shelly  sand,  an  irregular  bed 

.          varying  from  8  in.  to  2  ft.            -        -    average  1  4 

Nodular  glauconitic  sandstone         -        -        about  2  6 

Dark  green  glauconitic  sand  -        -        -    seen  for  12  0 

Over    20        0 

If  this  account  be  compared  with  that  print>ed  in  the  first 
volume  of  this  work  (p.  164),  it  will  be  seen  that  the  bed  of 
nodular  concretions  is  thicker  than  it  seemed  to  be  in  1891,  and 
that  it  is  separable  from  the  Greensand  below.  Moreover,  it 
appeal's  to  be  correlative  with  the  '*  cornstone-bed "  of  the 
Maiden  Bradley  section  (see  p.  148),  which  we  now  regard  as  the 
base  of  the  Lower  Chalk  (or  Cenomanian).  Consequently,  I  now 
place  the  plane  of  xiivision  between  Selbornian  and  Cenomanian 
at  .the    base  of  this   bed,  the  brackets  A  and  B  showing  the 
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prouping  now  proposed.  It  was  pointed  out  (Vol.  I,  p.  165) 
that  the  fauna  of  the  nodule  bed  was  that  of  the  Rye  HiU  sand ; 
the  list  there  given  is  here  repeated,  with  the  addition  of  a  few 
species  since  found  by  Mr.  Scanes,  and  the  omission  of  Exogip-a 
conioa  and  TerebrateUa  pectita,  which  were  obtained  only  from 
the  sand  below: — 

Ammonites  [Schloenb.]  varians.  Hhynchonella  grasiana. 

„  [       >,        ]  Coupei.  Catopy^us  carinatus. 

„  [Acanth.]  ManteUL  Cottaldia  Benettias. 

Avicula  grypliaK>ides.  Discoidea  subuculus. 

Pecten  asper.  Holaster  laevis. 

„     GallienneL  Salenia  petalifera. 

„     (Neithea)  quadricostatus  Micrabacia  coroiiula. 

Ostrea  canaliculata.  Siphonia  tulipa  (?  derived) 

Spondylus  striatus  1  Porospbscra  globularis. 
Venus  rotomagensis. 

The  next  exposure  is  in  a  large  quarry  at  Belchalwell,  the  base  of 
which  is  not  many  feet  above  the  Greensand,  while  the  Melbourn 
Rock  is  visible  at  the  top.  The- dip  is  eastwaixi  at  about  15°,  but, 
even  allowing  for  this,  there  cannot  be  more  than  140  feet  of  I^ower 
Chalk  here.  Nothing  like  C'halk  Marl  is  seen,  the  lowest  part 
consisting  of  greyish  marly  chalk,  rather  soft,  but  blocky  and  not 
clearly  bedded ;  this  passes  up  into  greyish-white  chalk,  which  dries 
nearly  white.  No  fossils  were  seen  in  situ,  only  a  few  in  a  fallen 
block  of  hard  grey  gritty  chalk,  which  was  unlike  anything  seen  in 
the  face  of  the  pit. 

At  Ibberton,  200  yards  north  of  the  church,  there  is  a  eteep 
bank,  which  shows  in  one  place  a  foot  or  two  of  grey  chalk-marl 
with  bluish  mottlings.  There  can  be  but  very  little  of  this  material, 
for  Greensand  is  exposed  in  the  hollow  below  the  north-west  side 
of  the  church,  and  to  the  south-west  is  a  small  pit  in  blocky  chalk 
at  a  slightly  higher  level. 

The  next  section  is  at  Woolland,  in  a  pit  on  the  sloj^e  of  the  hill, 

about  350  yards  south-east  of  the  church,  where  the  following  section 

was  seen  by  Mr.  Hill  in  1893  :— 

ft. 

Soil  and  chalk  rubble 1 

Whitish  blocky  chalk,  much  fractured 3 

Soft  silty  and  crumbly  chalk,  with  occasional  hard  lumps  ; 
where  damp  the  colour  is  darkish  grey,  but  it  dries  to  a  light 

grey       -       - -        -        -       -    2J 

Grey  chalk  consisting  of  very  hard  lumps  with  soft  ailty  chalk 
between  them,  mottled  with  brown  markings  ;  a  few  fossils    6 

The  fossils  found  were  Am.  [Acanth.]  rotomagensis  ?  (fragment), 
Pecten,  orbicvlariSy  Rhyndurndla  grasiaim,  and  Terebratula  bipli- 
caia.  The  hard  lumps  may  be  regarded  as  the  incipient  condition 
of  a  course  of  hard  grey  chalk,  Uke  those  farther  east. 

.The  next-  section  is  a  pit  near  Moots  Copse,  half  a  mile  north  of 
Higher  Anstey.    Here  Mr.  Hill  saw :  — 
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ft 
Soil  and   rubble      .--.-  ..i 

Qreyish-white  blocky  chalk,   breaking  into  loose  angular 

blocks 18 

Softer  silty  chalk,  containing  many  lumps  of  hard  chalk  ;  seen 

for 3 

Am,  \Acanih^  Mantelli  occurred  throughout ;  the  lowest  bed 
yielded  Scaphites  cequalisy  Turrilites  sp.,  Pecten  orbicularis,  Ino- 
ceramus  lotus,  d'Orb,  Ostrea  sp,,  and  Terebratula  semiglobosd. 
This  pit  may  be  20  feet  above  the  base  of  the  Chalk. 

Beyond  this  point  the  hard  lumps  seem  to  die  out,  and  the  lower 
20  feet  of  the  chalk  consists  entirely  of  soft  silty  chalk,  breaking 
into  blocks,  and  only  occasionally  containing  seams  of  still  softer 
laminated  chalk.  Thus  half  a  mile  north  of  Meloombe  Horsey 
a  pit  at  Melcombe  Park  Dairy  shows  about  14  feet  of  blocky  chalk, 
softer  in  the  lower  half,  and  without  any  hard  lumps.  By  digging 
alongside  the  farm  buildings,  Mr.  Hill  found  that  the  same  soft  chalk 
continued  to  the  farm  gates,  close  to  which  the  glauconitio  basement 
bed  was  seen.  Sections  a  little  farther  west  show  that  the  total 
thickness  of  the  Ijower  Chalk  is  here  reduced  to  100  feet. 

Thus  in  a  distance  of  less  than  ten  miles  this  division  has  thinned 
from  180  to  100  feet.  We  think  that  the  lowest  beds  of  the  Mel- 
biu-y  section,  i.e.,  the  zone  of  Stauronema  Carteri  and  the  lower 
part  of  the  Chalk  Marl,  have  disappeared  entirely,  and  that  the 
change  in  the  character  of  the  beds  is  due  to  lack  of  the  argillaceous 
material  present  in  ordinary  Clialk  Marl.  Near  Anstey  the  zone  of 
Amnumiies  varians  is  probably  not  more  than  30  feet  thick,  and 
there  are  decided  signs  of  erosion  at  its  base. 

In  the  Dorchester  Museum  there  are  a  number  of  fossils  from  the 
Lower  Chalk  of  Stoke  Wake  (obtained  many  years  ago  from  quarries 
now  overgrown)  and  from  near  Armswell,  a  hamlet  west  of  Anstey. 
Most,  if  not  all,  of  these  must  have  come  from  the  lowest  beds 
(zone  of  Am.  varians).    The  following  is  a  list  of  them  :  — 

Acanth.]  Mantelli,  Sow.  Inoceramus  latus,  d'Orb.  non 

„       ]  rotomagensis,  d'Orb.  Lima  globosa.  Sow.       [Afani. 

,       ]  sussexiensis,  Mani.  Pecten  Beaveri,  5^ou^. 
Schloenb.]  varians.  Sow.  „      fissicosta  ?  Eth. 

„       ]  Coupei,  5ran<7n.  „      orbicularis,  iS^oir. 

Scaphites  sequalis,   Sow.  „  (Neithea)5-costatus,jS'(W0. 

Baculites  baculoides  ?  (TOrh,  Ostrea  vesicularis,  Lam. 

Turrilites  costatii^,   Sow.  Terebratula  semiglobosa,  Sow, 

Nautilus   expansus,  iS'o?/.  Terebiatulina  striata,  Wo^/. 

„       deslongchampsianiis,  d'Orh.  Rhynchonella  grasiana,  d'Orb. 

Zone  of  Holaster  Subglobosus. 

Under  this  head  we  shall  mention  those  sections  which  expose  the 
uppermost  portion  of  the  Lower  Chalk.  The  first  of  these  is  the 
large  quarry  previously  mentioned  on  the  western  slope  of  Melbury 
Hill,  south  of  Shaftesbury.  The  highest  part  of  this  shows  massive 
greyish-white  chalk  and  three  or  four  feet  of  grey  sbaly  marl^overlaiD 
by  Melbourn  Rock. 


Ammonites 
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In  the  roadway  east  of  Sutton  Waldron  the  base  of  the  Melbourn 
Bock  is  seen  to  rest  on  a  soft  buflf-coloured  marl,  with  hard  greyish 
ohalk  bdow,  and  a  few  feet  lower  there  is  blocky  white  chalk.  There 
is  a  small  quarry  in  similar  blooky  chalk  by  the  side  of  a  parallel 
road  250  yards  north  of  this. 

The  next  plaoe  where  this  part  of  the  chalk  is  visible  is  a  quarry 
about  half  a  mile  south-east  of  Okeford  Fitzpaine,  west  of  the  Stour. 
Here  the  Melbourn  Book  is  well  exposed,  and  its  massive  basement 
bed  passes  down  into  whitish  ohalk,  which  breaks  along  the  bedding 
planes  and  does  not  contain  nodules ;  of  this  there  are  about  9  inches. 
Bdow  it  is  a  thin  layer  of  grey  marl,  resting  on  blocky  greyish 
white  ohalk,  without  definite  bedding,  of  which  atout  8  feet  are 
exposed.  Here,  therefore,  there  seems  to  be  a  local  absence  of  the 
Belenmite  Marls. 

The  quarry  at  Bdchalwell  has  already  been  mentioned  ;  the 
Mdbourn  Rock  is  seen  at  the  top  of  this,  only  a  thin  seam  of  mai*l 
dividing  it  from  the  blocky  whitish  chalk  below. 

2.  Wkst  Dorskt. 

Under  this  heading  will  be  de-scribed  the  I»wer  Chalk  along  the 
main  escarpment  from  Melcombe  Bingham,  westward  by  Auckland 
Newton,  Evershot,  and  Cheddington,  as  well  as  in  the  country 
around  Ceme,  Maiden  Newton,  and  Beaminster.  In  this  district 
the  formation  becomes  still  thinner,  varying  from  100  t<i  about 
GO  feet. 

As  already  stated  (p.  108),  the  Chloritic  Marl  projjer  lias  thinned 
out  in  North  Dorset  before  reaching  Bingham,  and  there  is  no  longer 
a  passage  from  Selbornian  to  Chalk.  On  the  contrary,  there  is  in 
most  places  a  clearly-marked  plane  of  division  between  the  tw«> 
formations  ;  the  uppermost  bed  of  the  Greensand  is  a  hard  greenish 
glauconitic  sandstone,  the  surface  of  which  is  uneven,  water  worn, 
and  cracked ;  the  lumps  and  sides  of  the  craclvs  ai*e  coated  with  green 
matter,  and  frequently  bear  small  attached  Serpuloe  and  young 
Oysters.  It  has  evidently  been  a  water-washed  surface  during  a 
period  of  non-deposition.  On  this  surface  rests  a  soft  glauconitic 
chalk,  the  base  rf  which  is  often  a  regular  nodule-bed  full  of  light 
brown  phosphatic  nodules  and  phosphatised  fossils. 

This  is  the  bed  referred  to  by  Professor  Forbes  and  Mr.  Bristow 
as  containing  so  many  specimens  of  Sea /;Ai/c«  ooqualis  and  Galerites 
oastanea,  and  also  as  being  evidently  the  base  of  the  Chalk. 
Grains  of  quartz  and  glauconite  are  abundant  in  this  basement  bed, 
but  rapidly  diminish  in  number  above  it,  the  material  i>aasing  into 
a  pure  whitish  chalk.  The  fauna  of  this  nodule-bed  is  the  fauna 
of  the  Chalk  Marl,  and  not  the  sjx^cial  fauna  which  is  found  in  the 
Stauranema  zone  of  Wiltshire  and  the  Isle  of  Wight.  A  large  number 
of  species  are,  of  course,  common  to  both ;  but  in  the  Dorset 
nodule-bed  certain  fossils,  such  as  Stauraaema  Carteri  itself,  are 
absent,  and  others  are  common  which  are  very  rare  or  absent  iu 
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the  Chloritic  Marl,  but  abound  In  the  Chalk  Marl  20  or  30  feet  above 
it,  such  as  Am,  [Acanth.]  rotoTnagensis,  Scaphiies  cequalis,  BdcvlitcB 
baculaides,  and  Turrilites  costdttis. 

The  Chalk  above  the  basal  glauconitic  stratum  is  firm,  blocky,  and 
preyish-white,  but  dries  nearly  white.  It  is  not  a  chalk  marl  in  a 
lithological  sense,  but  a  nearly  pure  chalk,  that  is  to  say,  it  contains 
hardly  any  argillaceous  matter,  and  only  a  little  fine  sand  or  silt. 
Fossils  are  rare,  and  only  a  few  of  the  commonest  bivalves  have 
l)een  found,  so  that  we  are  unable  to  say  how  much  of  it  is  referable 
to  the  zone  of  Am.  varians.  Tlie  lower  part  often  contains  flints  of 
a  peculiar  kind  ;  these  consist  of  a  thick  outer  mass  of  whitish 
silica  or  siliceous  chalk,  with  an  internal  nucleus  of  black  flint ;  the 
centre  shades  into  the  white  envelope  and  the  latter  into  the  sur- 
rounding chalk,  so  that  till  broken  they  look  like  hard  lumps  of 
chalk.  These  flints  only  occur  in  the  lower  20  or  30  feet.  Tlic 
higher  beds  are  without  them,  and  consist  of  still  whiter  and  moi'e 
compact  blocky  or  bedded  chalk,  which  resembles  the  higher  part 
of  the  Tjower  Chalk  elsewhere. 

Near  the  top  of  the  Lower  Chalk  there  is  generally  some  thick- 
ness of  greyish  or  yellowish  marl,  usually  from  6  to  10  feet  of  such 
material ;  this  is  the  Belemnite  Marl  or  subzone  of  Actinocamax 
plerius,  though  that  fossil  has  only  been  found  at  one  or  two  places. 

A.— The   Basement  Bed. 

In  the  more  eastern  part  of  the  district  under  description,  that 
IS,  around  Meloombe  Bingham  and  Melcombc  Horsey,  the  top- 
most bed  of  the  Selbornian  is  a  glauconitic  sandstone  so  hill 
of  dark  brown  phosphatic  fragments  and  fossils  that  it  may 
be  termed  a  phosphatic  conglomerate.  Upon  this  rests  the 
nodule -bed  which  forms  the  base  of  the  Lower  Chalk  (zone 
of  Ara.  variav^).  Where  this  facies*  prevails  and  where  exposures 
are  weathered  it  requires  care  to  collect  separately  from  the  two 
nodule-beds,  but  where  sections  are  clear  there  is  no  difficulty. 

The  existence  of  a  well  developed  nodule-bed  above  the 
phosphatic  conglomerate  at  these  localities  was  not  known  to 
me  m  1899,  and  was  not  recognised  by  Mr.  Rhodes  when 
ho  collected  there  in  1894  ;  consequently  1  have  no  doubt  that, 
of  the  fossils  then  obtained  by  him  and  recorded  as  firom  the 
topmost  bed  of  the  Selbornian  in  the  first  volume  of  this 
Monograph  (p.  108  et  8eq.\  some  few  really  came  from  the  bt^sal 
bed  of  the  cnalk,  and  are  wrongly  included  in  list  there  given. 
Such  probably  are  Am.  [Scldoenbachia.]  variaTis,  Am,  [SchL] 
Coupei,  Tun^lites  costatiis  and  Cucull<xa  mailleuna, 

Mr.  J.  Scanes,  who  visited  this  district  in  1901  and  found 
a  good  exposure  of  the*  junction-beds  at  Dorsetshire  Gap,  north- 
west of  Melcombe  Horsey,  has  kindly  put  the  following  notesf  at 
my  disposal : — 
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ft.  in. 
j^_^^  fGlaiiconitic  chalk  with  scattered  bits  of  brown 

i^u   \        phosphate 0  9 

iLayer  of  phosphatic  nodules  and  fossils      -       -  0  3 

J'Phosphatic  conglomerate,  consisting  of  dark 
brown  phosphatic  nodules  in  a  hard,  cal- 
careous, sanay  matrix 10 

uuMi.       \^^^  calcareous  glauconitic  sandstone        -        -  3  0 

Light  grey  glauconitic  sand         -        -        -        -  0  6 

Dark  green  glauconitic  sand,  seen  for          -        -  10  0 

15    6 

The  phosphatic  conglomerate  contains  many  fossils  such  as 
large  Pecten  [Netthen]  qiuidrlcosfatuH,  Pecfen  a^per^  Osirea 
fro)M,  and  RliynchoneWi  dimidhda,  which  retain  their  shells,  and 
others,  such  as  Ain,  [Honiite^]  Sfuderly  TurrUiies  puzosiann^f, 
and  CucuUaa  abesfi,  whicn  are  phosphatic  casts. 

The  overlying  nodule-bed  contjiins  two  kinds  of  phosphatic 
nodules;   some  are  greenish  and   appear   to  bo  phosphatised 

Eebbles  of  calcareous  sandstone,  others  are  of  the  usual  light 
rown,  phosphatic,  chalkv  limestone,  and  among  the  latter  are 
the  following  casts  of  fossils :  Am.  [SchZoenbachut]  varians,  Tur- 
rilitfs  cosUitiM,  Tar.  Wie^^ti,  Cucullcea  nuiilleayui,  and  Hdiister 
^ubgloboftus  var,  altos,  none  of  which  occur  in  the  underlying 
conglomerate;  Plicatula  mflata,  Rhynchonella  nianiellmna, 
and  Aficrabacia  coronida  also  occur. 

At  Bookham  Farm,  two  and  a  half  miles  north-west  of  the 
section  above  described,  is  another  clear  exposure,  where  about 
5  feet  of  chalk  rests  on  an  eroded  surface  of  the  phosphatic 
conglomerate;  but  here  there  is  no  basal  nodule -bed,  only  an 
inch  or  so  of  sandy  glauconitic  chalk,  with  a  few  scattered 
phosphates  and  Am.  [Schloenbachia]  t>ariav-8,  passing  up  into 
less  sandy  chalk,  in  which  I  found  Holaafer  subglxmosus  and 
a  few  bits  of  phosphate  A  similar  facies  of  the  basement  bed 
can  be  seen  in  the  quarry  on  Dogbury  Hill,  north  of  Minteme. 

To  the  southward,  however,  near  Ceme,  a  thin  nodule-bed  is 
again  found  resting  on  hard,  rough,  glauconitic  sandstone,  the 
phosphatic  conglomerate  having  thinned  out,  or  having  been 
destroyed  by  current-erosion  before  the  deposition  of  the  base- 
ment bed  of  the  Chalk.  The  junction  can  be  seen  in  the  bank  of 
the  lane  north-west  of  the  Abbey  Farm.  About  2J  feet  of  the 
glauconitic  chalk  are  exposed,  the  upper  portion  with  only  a 
few  green  grains  passing  down  into  greenish  glauconitic  chalk 
with  a  few  phosphates  and  a  thin  layer  of  nodules  and  fossils 
at  the  base^  resting  on  an  irregular  surface  of  the  calcareous  sand- 
stone and  filling  also  open  cracks  in  the  same.  Lumps  of  sandstone 
cm  be  obtained,  the  sides  of  which  are  covered  with  small  Serpuloe. 

At  Batcombe  and  Evershot  there  is  a  still  more  conspicuous 
nodule-bed,  and  many  fossils  have  been  obtained  from  a  quarry  in 
Bocks  Lane,  north-east  of  Evershot. 

Passing  down  the  valley  of  the  Frome,  an  excellent  exposure 
of  the  junction  of  Chalk  and  Greeusand  can  be  seen  in  quarry  in 
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the  field  north  of  Chilfrome  House,  4  or  5  feet  of  chalk  witii  the 
usual  layer  of  phosphatic  nodules  resting  on  the  sandstone.  A 
similar  junction  can  be  studied  in  two  pits  at  Maiden  Newton, 
one  at  Tollerford  and  one  by  the  side  of  Chilfrome  Lane.  Both 
yield  many  fossils. 

Eggardon  Hill,  four  miles  south-west  of  Maiden  Newton,  is  a 
fine  promontory  of  Chalk  overlooking  the  lower  Jiu*assic  plateau 
to  the  west.  The  base  of  the  Chalk  Marl,  resting  on  hard  calcareous 
grit,  can  be  seen  on  the  south-western  slope  of  the  hill,  and  exhibits 
the  usual  nodule-bed  with  many  fossils,  among  which  a  specimen 
of  Am.  [Acanthoceras]  rotomageTisis  and  one  of  Pleurotomaria 
cassisiana  retaining  the  shell  were  found  by  the  Rev.  H.  S. 
Solly,  of  Bridport.  The  exposure  here  was  described  by  Mr. 
Whitaker  in  1870,*  and  he  remarks  that  the  glauconitic  and 
quartziferous  chalk  is  only  about  2  feet  thick ;  "  2  feet  up  the 
grains  get  fewer,  and  they  are  lost  at  about  4  feet." 

Passing  westward  from  Maiden  Newton,  there  are  small  exposures, 
whence  fossils  may  be  obtained,  north  of  Toller  Fratrum  and  south- 
east of  Penny's  Toller,  or  Toller  Whelme  as  it  is  called  on  the  new 
Ordnance  map. 

There  is  not  now  any  good  exposiu'e  near  Beaminster,  except 
at  Cheddington,  about  two  miles  northward,  where  the  junction 
is  exposed  in  a  lane  about  half  a  mile  south  of  the  church.  Many 
fossils  now  in  the  Museum  at  Jerm)m  Street  and  labelled  Ched- 
dington were  probably  obtained  from  this  spot. 

The  foUowing  is  a  list  of  the  fossils  which  are  found  at  the  base 
of  the  Lower  Chalk  in  West  Dorset ;  those  from  Cerne  and  Maiden 
Newton  were  obtained  by  myself,  those  from  Evershot  chiefly  by 
Mr.  Whitaker,  and  those  from  Eggardon  by  Mr.  Solly.  Those 
marked  S  are  from  previous  collections  for  the  Geological  Survey, 
and  are  taken  from  the  published  Catalogue  of  Cretaceous  Fossils. 
Specimens  from  Chilfrome,  C^ttistock,  Toller  Whelme,  WVaxall, 
and  Chalmington  are  included  in  the  Maiden  Newion  list. 


Placet. 
Elaimobranch  Yertebra 

Cephalopoda. 
Ammonit«8  [Douvill^iceraa]  euoinpha!ai,  Sharp* 
[Ac«nthocera«]  hippocastanum,  Sote. 
[  „  ]  Mantelli,  Soto,      • 

[  „  jnaYiculariB  Mant.- 

[I>e8moceraa]  planulatus,  Sow. 
[Aeanthoceraij  rotomagensU,  Brongn. 
[Schloenbachia]  variant,  Sow. 
[  „  ]  Coupei,  Brongn.  • 


n 


• 

s 

m 

5 

9 

2 

• 

^ 

o 

•< 

9 

1 

a 
•a 

o 

5 

1 

1 

— 

— 

- 

_ 

_ 

, 

S 

1 

— 

8 

— 

1 

2 

8 

- 

1 

2 

8 

4 

— 

— 

8 

. 

1 

3 

. 

4 

1 

2 

8 

4 

1 

2 

8 

4 

m 

a 

1 


6 
6 
6 

6 
5 

6 


c 

I 

a 

g 


6 


6 
0 


*  Quart.  Journ.  Qeol.  See.,  Vol.  xxvii.  p.  96. 
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B.  Exposures  in  the  Mass  of  the  Lower  Chalk. 

Li  this  arcii  it  is  iiui)08sible  U)  indicate  the  upper  limit 
of  the  zone  of  Amtrutiiitea  variaits,  for  foHsiln  are  very  scares, 
and  there  is  very  Uttle  change  in  the  htholo^ical  cliaracter  of  the 
chalk  till  the  Belemnite  Marl  is  reached.  We  shall  therefore 
mention  the  chief  exposures  in  the  mass  of  the  Lower  Chalk 
below  the  Belemnite  Marl  in  geographical  order  east  to  weBt. 

There  are  several  old  quarries  on  the  slopes  of  Nordon  Hill,  north- 
west of  Melcombe  Bingham,  but  most  of  them  are  talused,  and  only 
two  of  them  are  worth  noting.  One  is  that  already  mentioned  at 
Melcombe  Park  Dairy  farmstead  (see  p.  107). 

The  same  soft  chalk  overlying  the  basement  bed  can  be  seen 
in  a  pit  in  Conygar  copse,  south-west  of  Armswell  Farm,  and 
farther  west  is  a  larger  pit  showing  higher  beds,  oonsisting  of 
blocky  whitish  chalk. 

A  large  quarry  near  Miller's  Farm,  east  of  Buckland  Newton, 
cuts  through  nearly  the  whole  of  the  Lower  Chalk,  and  must  be 
nearly  100  feet  deep,  but  the  upper  part  is  difficult  to  reach.  There 
is  a  band  of  greyish  marl  at  the  top,  and  the  chalk  below  for  30 
or  40  feet  is  firm  and  white.  The  middle  part  is  talused  on  the 
west,  but  the  east  side  shows  a  clear  inaccessible  face,  and  there  is 
a  dip  of  about  8°  across  the  pit  to  the  N.N.W.  Near  the  bottom 
is  whitish  chalk  with  siliceous  concretions  or  flints,  and  the  top  of 
the  Greensand  comes  out  from  below  it,  but  the  junction  was  not 
clear  when  the  quarry  was  visited  in  1893. 

The  representative  of  the  Chalk  Marl  is  exposed  again  in  a  pit 
on  Dogbury  Hill,  near  Minterne,  and  here  it  is  much  greyer  than 
usual,  possibly  because  it  is  wetter.  At  the  bottom,  which  is  only 
a  few  feet  above  the  Greensand,  are  about  4  feet  of  soft  grey,  silty 
or  mealy  chalk,  with  a  few  small  individuals  of  Ostrea  vesicitlaris 
and  Terdrratvla  semiglobosa,  but  no  trace  of  Ammonites.  Above 
this  is  rather  hard  greyish  chalk  in  lenticular  beds,  succeeded  by 
greenish-white  chalk  without  fossils. 

Near  Hermitage  there  are  two  large  quarries,  one  near  the  east 
end  of  Remedy  Coppice  and  another  below  Telegraph  Hill.  Both 
are  GO  to  70  feet  deep,  but  the  second  is  the  clearest  and  shows  the 
following  l)eds  :  — 

Alternating  beds  of  marly  chalk  and  hard  whitish  chalk. 

Plather  hard  white  chalk  in  thick  l)eds. 

Firm  grey  blocky  chalk. 

Soft  yellowish  grey  mealy  chalk  (3  feet  seen),  with  a  Lima  eiofiffata  and 
indeterminable  fragments  of  an  Ammonite/ 
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Another  good  section  of  the  Lower  Chalk  is  exposed  in  a  large 
quarry  three  quarters  of  a  mile  west  of  Almden  Newton.  Coni- 
bimng  measurements  taken  in  several  \mrii<  of  the  quarry,  the  sec- 
tion mav  be  iriven  as  follows  :  — 


Middle 
Chalk.  N 


ft.  in. 

/Loose   nodular   chalk GO 

Hard  nodular  chalk  with  laoc.  iiujtiloides  [mssing 

down  into  chalk  which  is  not  nodular-        -        -  9 

Beds  of  firm  but  brittle  white  chalk,  separated  by 

thin  layers  of  marl     -  -        -        -        -    5    6 

Firm  grey  marly  chalk  passing  down  into  soft  grey 

marl ;  Actinocanicu:  plenum  found  near  the  top  -    6    0 
Hard  blocky  greyish  chalk,  covered  by  talus  for 

Chalk.  (      about  30  feet ?30    0 

i  Greyish  white  chalk  with  occasional  nodules  of 

I     flint ; quarried  and  burnt  for  lime  -        -about  12    C 


Lower 


Total,  about        -        -  60    0 

No  fossils  except  those  above  mentioned  were  found  at  this  quarry. 
The  lines  drawn  for  the  boundaries  of  the  Ijower  and  Middle  Chalk 
near  Maiden  Newton,  on  the  contoured  six-inch  maps,  show  that 
the  thickness  of  the  Lower  Chalk  is  from  80  to  90  feet. 

From  this  point  westward  to  ]k»aminster  and  Cheddington  there 
are  no  good  expcjsures  of  the  T^wer  Chalk.  There  are  many  old 
quarries  indicated  on  the  six-inch  Ordnance  maps,  but  very  few 
of  them  have  been  worked  in  recent  years.  Formerly  chalk  was 
largely  burnt  for  lime,  but  either  less  is  now  required  in  coimtry 
districts  or  lime  made  from  the  Jurassic  limestones  is  found  to  be 
better. 

One  quarry  was  worked  in  1895  by  Stintford  Ijane,  north  of 
fieaminster,  and  showed  about  20  feet  of  the  ordinary  type  of  Lower 
Chalk  in  Dorset,  blocky,  white  and  mealy  in  the  lower  part,  rather 
harder  above,  becoming  greyish  and  marly  near  the  top.  There 
are  a  few  white  siUoeous  nodules  or  imperfect  flints  in  the  blocky 
part,  but  of  those  I  broke  only  one  or  two  had  centres  of  grey  flint. 

The  base  of  the  chalk  was  seen  in  the  lane  50  or  60  feet  below 
this  section,  and  there  was  no  sign  of  the  Melbourn  Rock  above 
it,  so  the  thickness  of  the  Lower  Chalk  here  must  be  at  least  80  or 
may  be  nearly  100  feet. 

C.  The  Belemnite  Marls. 

Returning  to  the  western  border  of  the  district,  Mr.  Reid  saw 
"  grey  and  yellow  marl '  ■  below  the  Melbourn  Rock  in  the  road 
across  Nordon  Hill,  near  Melcombe  Horsey.  The  top  of 
the  Lower  Chalk  is  also  ex}X)sed  in  two  places  south  of 
Bookham,  (1)  at  the  t«op  of  an  old  chalk-pit  a  third  of  a  mile  south- 
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east  of  Bookliara  Farm,  and  (2)  in  the  road  cutting  300  yards  south 

west  of  the  farm.    The  latter  is  the  most  accessible,  and  shows :  — 

ft. 
Hard  whiU;  Mid  uodular  chalk,  with  marly  bauds  full  of 

uodulcs  (Melbourn  Rock) 6 

Rather  hard,  compact  and  homogeneous  yellowish  chalk     •        2 
Belemnite  Marl. — Soft  grey  argillaceous  marl    -    -    seen  for        6 

The  yellow  chalk  is  nearly  the  beginning  of  the  bed  mentioned 
on  p.  94  as  coming  in  above  the  Belemnite  Marls  of  this  county. 
There  is  a  fault  through  the  marls  here,  so  it  is  difficult  to  measure 
their  thickness,  but  there  seems  more  than  6  feet.  The  beds  are 
dipping  west  at  5°  or  G°. 

The  same  succession  will  be  found  in  a  lane  half  a  mile  north 
of  Alton  Pancras,  but  here  the  yellowish  clialk  is  3  feet  thick. 

The  next  good  exposure  is  in  the  long  quarry  on  Giant's  Hill, 
near  Cerne  Abbas.  Here  below  the  Melbourn  Rock  (see  p.  115) 
and  4J  feet  of  smooth  yellowish-grey  chalk,  there  is  soft  grey 
Marl,  and  at  the  southern  end  of  the  quarry  about  5  feet  of  such 
grey  marl  were  seen  in  1893  overlying  yellowish  weathered  chalk, 
which  passed  down  into  nearly  white  chalk;  the  latter  contains 
Holdster  trecensis,  but  no  fossils  could  be  found  in  the  marl. 

Near  Maiden  Newton  there  are  some  ver\  anomalous  sections 
at  this  horizon.  One  of  these,  west  of  the  town,  has  been  already 
mentioned,  where  the  Ijeds  above  the  6  feet  of  grey  marl  seem  t<) 
form  a  complete  passage  from  Lower  to  Middle  Chalk. 

A  small  pit  by  the  I'oadside  on  the  hill  south  of  Tollerford  shows 
about  8  feet  of  grey  marl  and  marly  chalk  in  lenticidar  layera  over- 
lying firm-bedded  white  chalk  containing  Htylaster  trecefisis. 

Another  exjxisure  at  Shatcomlx*  limekiln,  alx>ut  2^  miles  south 
west  of  Maiden  Newton,  tallies  well  with  those  ne^r  Cerne,  showing 
five  feet  of  soft  grey  marl  resting,  as  usual,  on  firm  blockv  whitish 
chalk. 

Between  Maiden  Newton  and  the  termination  of  the  chalk 
range  near  Cheddington  only  one  exposure  of  the  same  horizon  has 
been  seen  ;  this  is  in  a  chalk-pit  west  of  Beckham's  Coppice,  near 
Corscombe,  and  the  section  here  is  :  — 

ft. 

(Hard  white  nodular  chalk  with  Inoceramus  mytiloides 
and  Rhynchonella  Cuvieri  (?  Melbourn  Rock)         -      2i 
Smooth  greyish- white  streaky  chalk,  becoming  soft  and 
marly  below 4 

rGrey  marl  with  irregular  beds  of  greyish  blocky  chalk. 
Lower  )  weathering  whiter,  an  irregular  jointed  mass  of  marl 
Chalk.  \     and  marly  chalk  (Belemnite  Marl)  -  -        -      8 

I  Tough  blocky  massive  grey  chalk  seen  below. 

There  is  no  plane  of  division  between  any  of  the  beds,  but  simply 
a  rapid  or  sudden  change  from  one  to  the  other.  The  lowest  part 
of  the  marly  chalk  cx)ntains  a  variety  of  Ostrea  vesicfidaris  common 
at  this  horizon  in  the  Midland  counties.  The  pit  is  so  near  the 
base  of  the  chalk  that  the  l)eds  seen  have  prolmbly  slipjied. 
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3.    Somerset  and  Parts  bF  Devon. 

Under  this  head  we  shall  include  ail  thiB  inland  ti^acts  which  lie 
to  the  westwaitl  of  those  already  described.  In  Somerset,  south 
of  Crewkeme,  are  two  small  outliers  of  Lower  Chalk,  and  to  the 
westward  is  a  larger  outlier,  capped  by  Middle  Chalk.  West  o 
Chard  there  is  another  irr^ular  tract  of  Chalk,  broken  by  many 
faults,  but  stretching  southward  beyond  Chardstock,  and  north- 
wahl  to  the  high  groimd  west  and  north  of  Combe  St.  Nicholas. 

West  of  Chardstock  there  is  a  stnalt  outlier  of  Chalk  near 
Whitehouse  and  Brinscombe  Fal-m,  alid  furthfet^  west  is  a  longer 
one  rutming  north  and  south  through  the  village  of  Meinbuiy, 
which  is  about  four  miles  N.N.W.  of  Axminster,  this  outliet  beiii^ 
bk-ought  in  by  a  fault. 

Near  Ci'ewketTie  the  Lowet^  Chalk  pi'esents  the  same  featurew 
as  in  West  Doi*set,  and  is  about  90  feet  thick.  At  Chard  it  is 
thinner,  probably  from  60  to  70  feet,  consisting  of  (1)  the  basal 
bodule-bed,  which  is  a  fairly  hard  rock  full  of  foesUs  and  phosphatic 
nodules ;  above  is  (2)  glauconitic  chalk  passing  up  into  white  chalk, 
and  finally  (3)  grey  and  buff  marls.  At  Membiu'y  there  seems  to 
be  still  50  or  60  feet  of  Lower  Chalk,  but  though  this  differs  from 
that  of  Chard  it  show's  no  sign  of  passing  into  sandstone,  like  that 
to  be  described  in  the  next  chapter. 

Crewkeme  and  Chard, 

A  good  exposure  of  the  lowest  part  of  the  Chalk  can  be  seen  in  the 
road-K^utting  west  of  Warren  Hill,  about  2^  miles  west  of  Ci'ew- 
keme.  Lying  on  the  s\u*face  of  the  hard  calcareous  sandstone, 
which  forms  the  top  of  the  Greensand,  is  a  loose  glauconitic 
marly  full  of  quartz  grains,  and  containing  some  phosphatic  nodules 
and  fossils ;  this  passes  up  into  soft  glauconitic  chalk,  the  quartz 
and  glauconite  disappearing  about  4  feet  from  the  base,  the  material 
then  becoming  a  greyish-white  chalk,  which  dries  white,  and  con- 
tains scattered  siliceous  nodules,  some  of  them  having  a  black  flint 
centre.  Of  this  chalk  about  8  feet  are  seen,  and  higher  beds  were 
formerly  quarried  to  the  westward  in  Holcombe  Copse ;  the  total 
tliickness  of  the  Lower  Chalk  here  must  be  from  80  to  90  feet, 
for  nodular  chalk  like  Melboum  Bock  was  seen  in  the  cutting 
on  St.  Bayh's  Hill  about  100  feet  above  the  (ireensand. 

There  are  two  quarries  in  the  white  Lower  Chalk  on  Shave  Hill 
south  of  Crewkeme,  one  at  the  south  end  above  Seaborough,  and 
one  near  the  north  end  of  the  outlier.  Both  show  featureless  and 
homogeneous  white  chalk  without  fossils. 

There  are  many  old  quari'ies  in  the  tract  between  Crewkerne  and 
Chard,  but  none  of  them  now  show  anything  of  special  interest. 

Near  Chai'd  the  best  section  is  that  of  Snowdown  Hill  quarry, 
west  of  town.    A  view  of  this  is  given  in  Fig.  28 ;  the  Selbornian 
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part  of  the  section  was  noticed  in  a  previous  volume,  and  to  the 
(leucription  there  given  we  now  add  particulars  of  the  Chalk. 

The  upper  jiart— which  is  being  contiiiually  cut  back  to  obtain 
chjilk  for  lime-making— showed  in  1892  about  15  feet ;  it  is  a  nearly 
white,  very  pure  chalk,  with  a  few  flinty  siUceous  nodules.  About 
4i  feet  above  the  Greensand  it  passes  into  a  somewhat  lumpy  or 
u<xiular  glauoonitic  chalk,  of  which  there  is  about  18  inches.  This 
psisses  down  into  sandy  glauconitic  chalk  full  of  quartz  grains  (about 
2  feet),  and  below  this  is  a  hard  nodular  sandy  and  glauconitic  rock, 
from  9  to  12  inches  thick,  full  of  brown  phosphatic  limips,  and 
containing  many  fossils. 

This  phosphate  conglomerate  rests  directly  on  the  hard  calcareous 
sandstone  which  forms  the  summit  of  the  Selbornian  stiEige. 
There  is  a  complete  passage  from  this  basement-bed  up  into  the 
white  chalk.  The  quartz  grains,  which  are  large  and  abundant 
in  the  basal  limestone,  rapidly  lessen  in  number  upwards,  and  dis- 
appear in  about  3  feet.  The  matrix  of  the  basem^it-bed  is  a  chalky 
limestone ;  the  brown  nodules  in  it  are  of  various  sizes,  some  small 
and  like  phosphatic  nodules  dsewhere,  others  large,  and  these  when 
broken  are  seen  to  be  only  lumps  of  very  hard  quartzif erous  Ume- 
stone,  coated  and  partly  infiltrated  with  phosphatic  matter.  These 
seem  to  be  lumps  of  a  somewhat  older  l^ed,  broken  up  and 
phoephatised,  and  then  embedded  in  the  present  nodule-bed. 

The  fossils  also  are  of  two  kinds :  some  are  merely  brown 
phosphatic  casts,  much  waterwom,  and  often  covered  with  small 
Serpuke  and  Polyzoa.  These  clearly  belong  to  the  same  category 
as  tiie  small  phosphatic  nodules,  llie  majority  of  the  fossils,  how- 
ever, including  all  the  larger  Ammonites,  are  well  preserved,  even  the 
Ammonites  retaining  the  shell,  though  this  often  comes  away  in 
extracting  them  from  the  rock. 

This  fossilif^ous  rock  has  generally  been  called  Chloritic  Marl  or 
Chloritic  Chalk,  but  we  do  not  regard  it  as  the  equivalent  of  the 
Chloritio  Marl  of  Wiltshire  and  the  Isle  of  Wight,  but  rather  as  a 
condensed  representative  of  the  lower  part  of  the  Chalk  Marl 

An  account  of  the  beds  above  described  was  written  by  Mr.  J. 
Wiest,  and  published  in  Davidson's  ''Monograph  of  the  Brachio- 
poda  *  (Pal.  Soc.,  1852),  Vol.  I,  p.  114.  The  succession  is  correctly 
given,  and  six  dififerent  beds  are  distinguished,  but  three  of  these 
really  belong  to  the  Upper  Greensand,  and  only  the  three  higher 
to  the  Ch£^.  The  basal  limestone  of  the  latter  is  Mr.  Wiest's 
No. m.,  which  he  called  "  the  Scaphites  bed," and  described  as  "a 
compact  accimiulation  of  fossils.''  The  overlying  glauconitic  chalk 
(No.  2)  he  calls  the  "  Chalk  Marl  or  Discoidean  stratmn,"  and  he 
specially  mentions  Arrnnonites  McurUdli,  Discoidea  cyli/ndricaj  and 
Afumckytes  svbglobosus  among  its  fossils.  In  this  he  is  quite  correct, 
but  an  inverse  order  would  indicate  their  relative  abundance,  Holas- 
ter  8ubglobosu8  being  particularly  common  in  this  glauconitic  chalk, 
and  much  less  so  in  the  ''  Scapkites  bed  "  below. 
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Hr.  Davidson  gives  a  table  on  p.  115  showing  the  BrabhiopdcU 
found  by  Air.  Wieet  in  anch  uf  hia  bedu,  fi-om  which  it  appearu  tlmt 
the  same  speoiea  were  obtained  from  Iteds  II.  and  III.,  except  that 
Terebratdla  Mma/rdi  was  only  fuund  in  the  latter.  The  Wiyn- 
diondla  Guvieri  o(  this  list  ia  what  he  eubmqumUy  described  ax 
lUiynch.  Wierii. 

The  commonest  fossils  in  the  bottom  layer  or  *  Scaphites  bed  " 
are  Am.  [Se/Uoeiiiadiia]  varians,  Am.  [Scld.]  Cmipei,  Am.  [Acantho- 
veras]  rotomageasig.  Am.  [Aoanth]  Mantdli,  Scaphitee  tequalis, 
Twrilitea  Wie^i,  ?<!aiUilue  expansua,  N.  IcBvigatvs,  CwcuIUpu  maUlc- 
aiM,  and  GalerUea  castanea.  A  complete  list  of  the  fossils  found 
at  Chard  and  Chardstock  will  be  found  at  the  end  of  the  chaptel'. 

The  quarricB  at  Chardstock,  three  miles  south-west  of  Chai-d, 
are  now  abandoned  and  overgrown.  There  is,  however,  a  small 
exposure  in  a  quarry  half  a  mile  north  of  Tytherleigh  and  east 
of  the  old  quarries. 

The  hi^er  part  of  the  Lower  Chalk  was  only  seen  in  two  places, 
and  in  each  case  it  was  overlain  by  grey  marl,  which  may  be  the 
Belemnite  marl  w  a  band  of  marl  at  a  lower  horizon,  like  that  at 
Lulworth  (see  p.  98.) 

The  first  locality  was  a  quarry  about  two  miles  W.S.W.  of  Crew- 
keme,  on  the  liill  south-west  of  Combe  Farm.     As  seen  in  1893, 
•  his  showed  :  — 

ft. 
Soft  crucnbliDg  grey  inarl     -------      6     . 

Blocky  chalk  with  fairly  marked  bedding,  drying  nearly  white, 

and  seen  for  -        -        - 12 

Talus  hiding;  beds  below about     12 

There  is  a  dip  of  about  5°  to  the  south,  and  the  surface  at  the  top 
of  the  quarry  is  filwut  80  feet  above  the  base  of  the  Chalk  to  the  east- 
ward. In  the  blocky  chalk  were  found  Pecten  Beaveri,  Peetm 
or&tcufaris,  Otirea  vesicidaria,  Inoceramita  »p.,  and  Sponge  remains. 
No  flints  were  8 


Kiii.  '29.— Sketch  of  a  Onarry  by  fiombe  Wood,  near  Chard. 
II.  Whitish  chalk.  6.  Soft  grey  marl. 

The  only  other  exposure  of  this  niaH  met  with  in  the  district  was 
in  a  (juan-y  over  two  miles  iiortli-west  of  ChaixljCalled  Combe  Wood 
Quarry,  This  is  a  remarkable  section,  for  the  beds  dip  eastward 
at  about  12°,  as  shown  iu  Fig.  21). 


Hie  white  chalk  here  is  not  olearly  bedded,  but  jobited,  and 
tails  into  angular  Uocks ;  concretions  of  white  siliceous  chalk, 
some  of  Uiem  with  nueld  of  black  flint,  are  not  uiiconinion,  but  have 
to  be  looked  for  in  the  talus,  as  they  are  difficult  to  see  in  the  pit- 
face.  Of  this  chalk  from  25  to  30  feet  are  seen,  and  it  dips  below 
greyish-buff  marl  and  marly  chalk,  of  which  about  12  feet  were 
visible  in  1892.  There  is  a  fairly  marked  plane  of  division  lietween 
them,  thoi^h  in  places  the  one  seems  to  pass  rapidly  into  the  other. 
The  marl  is  mostly  soft  and  loose,  but  it  includes  lenticular  layers 
of  tough,  buff-coloiured' marly  clialk.  In  one  spot  a  mass  of  gl^y 
sandy-feding  chalk  was  seen  in  this  marl,  about  3  feet  thibk, 
and  resembling  soft  Tottefnhoe  Stone.  The  lens  showed  this  to  Ix^ 
full  of  Foi^minifei^,  but  no  other  fossils  were  found. 

The  (jti'eensand  ci*ope  out  a  short  distance  west  of  this  (luai'ly, 
but  there  were  no  signs  of  the  base  of  the  Chalk,  and  the  line  of 
junction  may  be  a  fault. 

Mevibury. 

There  are  sevei*al  quarries  in  the  Membury  outliei-,  and  as  the 
Middle  Chalk  comes  in  as  well  as  the  Lower,  the  locality  is  an  interest- 
ing one.  The  numerous  faults  make  it  difficult  to  estimate  thick- 
nesses, but  that  of  the  Lower  Chalk  was  judged  to  Ije  about  50  or 
60  feet.  At  the  time  of  my  visit  in  1892  the  church  was  being 
restored,  and  the  chalk  thrown  out  from  the  foimdations  was  a 
peculiar  soft  grey  gmnular  chalk.  This  is  about  50  feet  below  the 
level  of  an  exposure  of  Mel  bourn  Rock  in  the  lane  to  the  west. 

North  of  the  village  there  is  a  series  of  old  chalk  quarries ;  the 

first  of  these  by  the  lane  leading  to  Furley  is  in  Middle  Chalk,  but 

all  the  others  appear  to  be  in  Lower  Chalk,   and    one   of    them 

showed  the  following  beds  in  descending  order,  below  the  hedge 

on  the  north  side :— 

ft. 

Hard  rough  lumpy  chalk ?15 

Blocky  chalk 4 

Bank  with  rough  lumpy  clialk  exposed  at  intervals  -       about    12 
Softer  chalk  with  a  layer  of  rough  lumpy  chalk   -        -        -      4 
White  chalk,  rather  hard,  weathering  into  small  brick-shaped 
pieces     3 

Another  pit  to  the  north-west,  and  nearer  Furley,  seems  to  con- 
tinue the  descending  section  thus  :  — 

ft. 
White  chalk,  weathering  into  hrick-shaped  pieces  -        -        -      h 
Greyish-bedded  chalk,  soft  and  silty,  with  irregular  layers  of 
hard  lumpy  chalk  at  intervals  of  12  to  18  inches  -        -        -     12 

The  floor  of  this  pit  is  only  a  few  feet  above  the  base  of  the  Ohalk, 
for  glauconitic  chalk  was  seen  at  the  enti*ance  gate. 
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If  this  succession  is  correctly  interpreted,  there  is  here  about 
60  fetit  of  Lowei'  Chalk,  and  it  is  of  a  very  different  character  from 
that  near  Cliard.  Ten  or  eleven  feet  of  white  chalk  remain,  but 
both  above  and  below  this  the  chalk  is  less  white,  and  contains 
layei-s  of  rough  Imnpy  chalk,  quite  imlike  anything  to  the  east- 
ward. Fossils  are  very  scarce,  but  at  the  pit  near  Furley 
Mr.  lihodes  found  a  small  smooth  Avicvla  very  abundant  in  the 
soft,  white  chalk,  and  also  some  specimens  of  an  Inocercmitis 
resembling  mytUoides, 

In  the  old  quarry,  less  than  a  quarter  of  a  mile  to  the  north,  the 
Ixisement  bed  is  exposed,  and  consists  of  a  hard  glauconitio  and 
quartziferous  rook,  like  Uiat  near  Chard. 

The  following  is  a  list  of  the  fossils  which  have  been  obtained 
from  the  basement-bed  at  Chard  and  Chardstock,  so  far  as  they 
are  at  j^resent  known.  Those  with  an  asterisk  were  also  found  in 
a  pit  north  of  Purley  by  Mr.  Rhodes:— 

Cepkalopoda,  Dentalium  sp. 

Am.  [Acantnoceras]  cenonianensis,  Emarginula  sp. 

(TArch,  Natica  sp. 

„  „    hippocastaniimjAS^o?!'.  Pleurotomaria  cassLsiana,  cPOrb, 

*  „  „    mantelli,  Soto.  „  mailleana,  dP(hb, 

*  „  „    navicularis,  Mant,  „  perspectiva,  Mant. 
„                  „    rotomagensis,  5ron{/n.         „            sp.  (several) 

„  rDesmoceras]  planulatus,  Sow,        Solarium  ? 

„  [Hoplites]  Bunburyanus,  Sharpe    Turbo  rotomagensis,  cPOrb. 

„         „         corvatus,  Mant.  *     „     sp. 

„         „         faJcatus,  Mant.  Turritella  sp. 

,,         „         ramsayanus,  >9Aar/>tf  -.        „.,         ,. 

Saltan,  Sh^irpe  ^  Lavielkbrnrwhuitn. 

„  [Pachydiscus]  Wiesti,  Skar7>e  ^^JP^^yfJ'tN?^^^-^  , 

„    Placenticeras]  obtectus,  6'^^  Cardita  cottaldina,  cfOr^^. 

•  Schloenbachia]  Coupei,  Brongn  Chama  cornucopiae,  d'Or^.. 

varians,  .SW'.  Corbis  rotundata,  (tOrb. 

Anisoceraa  armatus,  Sotv.  ^  »».     ^^Y^  ^P-         .   ^ 

♦BacuUtes  baculoides,  (TOrb.  Corimva  (see  Thracia ) 

♦Scaphites  ^qualis,  Sow.  Cucull«a  mailleana,  d  Orb. 

Turrilites  Bergen,  Brongn.  ^S^^™*  quadrata,  d  Orb. 

costatus,  Lam.  *Exogyra  conica,  Sow 

MorrisL  Sharpe  Inoceramus  latus,  aOrb.^  non  Mant, 

r,         tuberculatus,  Bosc.  ,        >'     ^   striatus,  Sow. 

*  Wiesti  Sharpe  Isoarca  obesa,  aOrb. 

NautUusdesloiigchampsianus,^Or^».  Lima  ^lobosa,  ^oi^. 

elegans,  Sow.  ^  »»      mterme^a  ?  <f  (?r6. 
expansus,  Sow.  >»      omata,  cf  Or6. 

Fittoni,  Sharpe  ^  .n^  /emisulcata,  Sow. 

fleuriausianus,  d^Orb.  Lithodomus  rugosus,  (^Orb. 

largilliertianus,  d^Orb.  Mypconcha  cretajiea,  d!Orb, 

sublsevigatus,  d^Orb.  OPJ?  bicornis  ?  Gem. 

undulatus,  Sow.  gstoea  vesiculans,  Lam. 

Pecten  asper,  Lwm. 

GOfSteropoda.  *    „     GalHemiei  ?  d  Orb. 
Aporrhais  sp.  „     [Neithea]  5-costatu8,  S(/w. 

*AvelLuia  cassis,  dOrb.  Plicatula  inilata.  Sow. 

Columbellina  sp.  'Septifer  lineatus,  Sow.  ( =  Modiola.) 

Cerithium  sp.  Tnrada  carinifera,  d'Orb. 


»> 

u 
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LanieUibranchiata, 
Trigonia  atfinis,  «S^otr. 
„        crenulifera,  Lye, 
,t        Meyeri,  Lye, 
j,         vicaryana,  Lye, 
Unicardium  ringmeriense,  Mant, 
Venus  rotomagensis,  d^Orb, 

BrojchiojXKla, 
^Rhynchonella  dimidiata,  SrM, 
„  ffrasiana,  (ffO?*6 

„  Wiesti,  Dav, 

TerebratuJa  arcuata,  Roeni, 
biplicata,  Soto, 
semiglobosa.  Soif\ 
squamosa,  Mant, 
Trigonosemus  incertUB,  Davk 


^^ 


»» 


»» 


Echinodemmta, 
Catoi)ygus  columbarius,  Z/<iw«. 
Discoidea  cylindrica,  Lam, 
*  .,  subuculus,  Klein 
•Galerites  castanea,  Bronfjn. 
Echinocyphus  difficili»,  /If/. 
Hola8tei:  laBvis,  de  Luc 

„        subgloboHUH,  Leskf. 
*      J,  „  var.  altifs,  Ay, 

Pedmopwis  Wiesti,  Wright 
Pseudodiadetua  ornatuin,  Void/, 
J,  variolare,  Bnmrfn. 

„  Ehodani,  Afj, 

Pyrina  ovulum,  Lam, 

„      Desmoulinsi,  d!Arch, 
Salenia  petalifera,  Dei^m. 


124  Ttet:  cblcTAClcotJs  bockH  ot  ykrriiit. 


CHAPTER    X. 

tHE     ARENACEOUS     BEDS     (ZONE     OF     AMMDNltES 

MANTELLI)    IN    DEVON; 

General  Description; 

Th©  (liHtanue  froni  the  outliei*  of  Lower  Chalk  at  Mfehibul'y  to  thfe 
l^indon  Cliffs,  near  Axmouth,  is  a  little  of ei*  8  miles,  and  from 
Membury  westward  to  Wilmington  is  about  4|  miles,  yet  within 
these  intervals  a  remarkable  stratigraphical  change  takes  place. 
The  Lower  Chalk  (as  chalk)  entirely  disappears,  and  in  its  place 
there  is  a  variable  thickness  of  calcareous  sandstone,  overlain  by  a 
bed  of  compact  quartziferous  limestone.  It  is  imfortimate  that 
no  outlier  lias  been  foimd  within  the  intermediate  spaces  to  help 
us  in  understanding  the  precise  manner  in  which  the  chalky 
facies  disappeared  or  passed  into  the  sandy  facies. 

The  arenaceous  beds  are  exposed  in  the  coast  sections  from 
Lyme  Regis  nearly  as  far  as  Sidmouth,  but  inland  the  only  good 
exposures  are  in  the  outlier  at  Wilmington,  which  was  described 
in  1898.* 

These  beds  appear  to  represent  a  part  of  the  Chalk  Marl,  but  as 
they  are  neither  chalk  nor  marl,  and  as  Am,[Acanth.]  Mantdli  is  one 
of  the  most  common  and  characteristic  fossils  in  them,  it  is  better 
to  speak  of  them  as  the  zone  of  Am,  Mantdli,  This  appellation  is 
the  more  appropriate  inasmuch  as  the  lower  part  of  the  Cenomanian 
in  chi3  west  of  France  has  been  described  by  M.  Bizet  as  the  '^  craie 
};lauconieuse  k  Am.  MantdliJ^  and  the  fauna  of  the  Devonshire 
beds  corresponds  very  closely  to  that  foimd  in  the  French  zone  of 
Am.  Mantelli. 

These  arenaceous  beds  are  the  "Chalk  with  quartz  grains"  of  Sir 
U.  ]3e  la  Beche,t  ^^^  ^^  ^^  adequate  description  of  them  was 
that  by  the  late  C.  J.  A.  Meyer  in  1874,|  and  in  his  tabular  view 
of  the  Beer  Head  section  they  are  numbered  as  Beds  10>  11,  12. 
He  made  a  large  collection  of  fossils,  keeping  those  from  each  of  his 
Ijeds  separate,  rfK)  that  they  form  a  valuable  record.  Prom  the 
data  thus  obtained  he  saw  that  these  beds  contained  a  different 
fauna  from  that  of  the  Upper  Greensand  l)elow,  and  were  every 


*yiiart.  .Journ.  (Jcol.  Sec.,  Vol.  liv.  p.  239. 

tTraiis.  Geol.  Soc.,  Ser.  2,  Vol.  ii.,  p.  1 10,  aud  Reix)rt  on  ♦lie  Geology  of 
Cornwall,  Devon,  and  West  Somerset,  p.  237.    » 

^Quart.  Jourii.  Geol.  Soc,,  Vol.  xxx.  p.  360. 
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where  clearly  separable  from  it ;  but  he  also  perceived  that  this 
fauna  included  most  of  the  so-called  Warminster  fossils,  and  as  he 
then  considered  the  Warniinst^u*  Cireeiisand  to  be  the  e<|uivalent 
of  the  Chloritic  Marl  of  the  Isle  of  Wight,  he  con-elated  the  thi*ee 
sets  of  beds  with  one  another. 

The  coast-sections  were  examined  by  the  present  writer  in  1894, 
and  the  exposures  of  the  zone  of  Ammonites  MaiUdli  at  Pinhay, 
WhitecUff,  Beer  Head,  and  Hooken  cliffs  were  described  in  some 
detail  in  1896.*  In  this  paper  it  was  pointed  out  that  there  was 
a  strong  Chalk-Marl  element  in  the  fauna,  and  also  that  a  very 
large  proportion  of  the  species  (132  out  of  185)  occur  in  the  Ceno- 
manian  of  Western  France.  It  should  also  l)e  mentioned  that 
Mr.  Meyer  revisited  the  sections  with  one  of  the  wxiters,  and 
concm-red  in  his  conclusions. 

In  both  these  pai)ers  certain  points  were  left  undiscussed.  Mr. 
Meyer's  beds,  10,  11,  12,  were  simply  regardeil  as  corresixjndiug  to 
the  **  lower  part  of  the  Lower  Chalk,"  i.e.,  to  the  whole  or  a  part 
of  the  Chalk  Marl.  Nothing  was  said  as  to  the  ixjssibility  of  their 
including  the  true  Chloritic  Mai'l  or  subzone  of  Skiuronema  Carteri ; 
nor  was  the  relation  of  these  beds  to  the  Lower  Chalk  of  Cliard  and 
Dorset  dealt  with,  except  that  mention  was  made  of  the  occurrence 
of  a  similar  fauna  at  the  base  of  this  chalk.  These  two  points  ma> 
now  be  discussed. 

First,  with  regard  to  the  representation  of  the  Chloritic  Marl 
or  subzone  of  Stauronemu  Carteri,  We  have  seen  that  it  does  not 
occur  in  Dorset,  and  we  have  expressed  the  opinion  (p.  107)  that 
some  of  the  Chalk  Marl  is  also  absent  in  that  county.  We  might 
therefore  expect  that  there  was  a  similar  hiatus  in  Devon,  and  so 
far  as  the  Chard  and  Membury  districts  are  concerned  there  prol>ably 
is ;  but  it  is  difficult  to  believe  that  the  (juartziferous  beds  of  the 
Amm/mites  Mantdli  zone  i>assed  noithward  and  eastward  into 
such  pure  oaloareous  chalk  as  exists  at  those  places.  It  seenjb  more 
probable  that  the  arenaceous  lx»ds  are  older  than  the  chalky  IxhIs, 
and  even  in  ijaiii  older  tlian  the  phosphatic  conglomerate  which 
there  lies  at  the   Ixise  of  the  C-halk. 

There  is,  then,  no  a  priori  reason  why  some  jrnrt  of  Mr.  Meyer's 
Bed  10  should  not  represent  the  subzone  of  Stauronema  Carteri, 
This  l)ed  contains  many  sponges,  but  though  careful  search  has 
been  made  for  StauroTiemu,  not  a  fragment  has  yet  been  found, 
either  in  that  or  the  overlying  beds.  TurrHUes  Morrisi,  which  is 
characteristic  of  the  Chloritic  Marl  in  the  Isle  of  Wight,  has  been 
found  by  Mr.  Meyer  in  Bed  12,  but  not  in  the  lower  beds.  The  fauna 
contains  many  species  which  do  not  occur  in  the  Chalk  Marl,  and 
some  of  these  do  occur  in  the  ClJoritic  Marl  and  in  the  still  older 
Warminster  Greensand,  but  this  older  asi^ect  of  the  fauna  is  to  be 
accounted  for  by  the  arenaceous  character  of  the  deposit  and  ib« 
obviously  shallow  water  origin. 

*  Sec  'The  Delimitation  of  the  Cenomauiau/'  By  A.  J.  Jukes-Brownr 
and  W.  Hill.    Quart.  Journ.  Geol.  Soo.,  Vol.  lii.  p.  90. 
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Coming  next  to  the  qiieKtion  of  whether  the  zone  of  Ammovitr/' 
Mantelli  may  be  considered  to  rejireflent  the  whole  of  the 
«>ne  of  AmminiUea  aiH'iiis,  we  cevtoinly  think  it  more  liliely 
tliat  it  iinly  i-eiiresentM  h  part.  Taking  the  development  of  the 
latter  zone  in  the  Tule  tif  Wight  as  a  standard  of  compariaon,  we 
doubt  whether  the  Devonshire  zone  of  Am.  MantrUi  ifpresentts 
more  than  the  lower  40  or  TiO  feet  of  it.  We  Hiisiicot  that  the  plane 
of  separation  Ijetween  the  l>edn  numl)ered  1 2  and  1  -i  by  Mr.  Mej'er  is 
a  hiatus  equivalent  in  time  to  the  formation  of  three  parts  of  the 
Lower  Chalk  of  the  T«le  of  Wight  and  to  motit  if  not  all  of  the  Lower 
Chalk  of  Chard  and  West  Dorset.  Tliere  is,  however,  a  posaibility 
that  Bed  13  may  represent  the  subzone  of  Actinoaimnx  pletiva,  and 
this  will  be  discussed  later  on. 

In  respect  of  thiokness  the  zone  of  Ammmiiies  Mantelli  varies  verj- 
greatly  ;  it  is  greatest  at  Wilmington,  where  it  is  probably  over 
40  feet  thick,  and  south  of  this,  in  Hooken  Cliff,  it  is  24  feet  thick, 
but  thins  away  rapidly  both  to  the  east  and  to  the  west  along  the 
coast,  being  often  only  two  or  three  feet  thick,  and  at  one  place 
(Charton  cliff)  it  seeraa  to  be  absent  altogether, 

A  complete  list  of  the  fosailu  which  have  been  found  in  the  zone 
of  Am  Mantdli  along  the  coast  will  !«■  found  in  a  separate  column 
of  the  General  list  m  Volume  III  Ihefullnewi  of  tins  list  is  largelv 
due  to  the  lalKiurs  of  Mi  Me^ei  who' has  visited  the  coast  many 
times  foi  the  put  [x»p  of  m  Ilectmg  from  these  beds  Collections  were 
also  made  by  mjself  and  bj  Mr  Rhjdes  for  the  Geolot,ic«l  Survei 


'T" 


f  ir.   TO  — Map  of  tbe  country  neai  Honiton  and  Wilmington 
From  Quart.  Journ.  Geol.  Soc.,  Vol.  liv.   p.  nu.    Scale  one  incli  to  a  mile. 

The  WiLMtNGTOM  Outlier. 

The  occurrence  of  liard  calcareous  sandstone,  locally  known  as 
"  grizzle,"  was  mentioned  by  1>.  Fitton  in  his  well-known  Memoir, 
and  in  the  following  terms  : — "  In  a  large  pit  or  quarry  at  the  bottom 
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of  the  chalk,  iiear  Sutton  and  Widworthy,  ii  stoae,  called  Grialc 
by  the  tiiiarrymeu,  i«  diitt  '"  tlit*  Hituiitioii  ot  the  Hretitone.  The 
beds  are  altogether  abimt  ■'>  Fu't  in  thiokiKMs.  It  coiitaiiix  greeu 
partiolM,  and  doett  not  burn  to  lime.  AinDnt^  ttn  f(R«il»  id  VatUlvx 
Gvmeri."*  Tlie  position  of  thiw  iiuarry  in  shown  on  the  map,  Fig.  ^0  ; 
the  greater  part  of  it  iu  overgrown,  but  a.  weathered  exixxui-e  of 
the  grizzle  can  8till  be  ueen.  The  fotutil  mentioned  by  Fitton  ie 
doubtleea  Inoceraiiins  atriaias,  good  sjieoiineuii  of  which  can  be 
obtained  from  the  exposuree  now  oiien  at  Wilmington,  which  lied 
to  the  north  of  the  old  Sutton  quarries,    (see  Fig.  '10.) 

At  Wilmington  there  are  two  sand-pitn  o|)ened  in  the  zone  of 
Ammonitea  Mantdli,  for  thoiigU  the  rook  in  u  hard  calcaieouK  grit 
when  covered  by  some  thiokneen  of  clialk.  It  is  otherwise  where  it 
crope  out  to  the  surface,  being  so  decalcifieti  and  decompoHed  tliat 
most  of  it  can  be  easily  remove<l  by  pick  and  shovel.  The  coarse 
sand  so  obtained  is  valued  for  rough-casting,  and  for  other  puriKJsee. 


Flo  31  —Sketch  of  the  Q  arry  north  past  of  ^^lIn  ngton 
The  pit  in  a  field  to  the  north-eaat  of  Wilmington,  near  the  lane 
to   Hayne   Farm,  shows  the    junction  of  the  calcareous  sand- 
stone   with    the    overlying    Middle    ( 'halk,  and    Uie    following 
succession  waa  observed  in  1^97  :- 


33 


I' 


Vegetable  soil  and  Hiutu. 

(5.  Soft  bedded  white  chalk,  up  to    - 

I  4,  Bubbly  glauconitic  chalk  with  scattered  quartz 

.  grains,  and  a  layer  of  very  hard  chalk  with  green- 
coaled  nodules  at  the  top,  /nor.  wylHoides  - 

I  3,  Soft  glauconitic  marly  chalk 

f-1.  Hard  glauconitic  and  quartzitcroua  llnieat<tne,  with 
a  worn  and  phosphatised  surface  at  t^ip,  but  tlie 

I         base  not  well  marked  ;  some  fossils  ;  about 

I  1.  Rough  yellowish  calcareous  sandHtoiK^  with  many 
fossils,  weathering  into  sand   with  lum|iB  and 

',         blocks  of  sandstone     ------ 


ft.  in. 


The  above  measurement  waa  taken  on  the  downthrow  side  nl 
the  fault,  shown  in  Figure  31.  Ou  the  upthrow  side  the  roufrli 
upjjer  iJart  of  the  sandstone  lay  just  Ih-Iow  the  soil,  so  thjit  the 
thmw  of  the  fault  cannot  be  more  than  0  or  10  feet. 


'  Trans,  fJeol.  Sm.,  Her.  -i.  Vol.  iv.  p.  234, 
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The  phnie  of  division  between  Nos.  2  and  3  is  strongly  marked 
the  surface  of  the  limestone  (2)  Ijeing  phoephatised  for  a  depth  of 
18  to  28  m.m.  (J  U)  4  incli),  and  in  this  criist  are  embedded  broken 
phosphatic  easts  of  fossils,  while  even  the  small  Serpulcb  on  its 
sm'face  are  phosphatised.  This  quartziferoiis  limestone  passes 
down  into  the  calcareous  sandstone,  but  the  change  is  rapid,  and 
several  fossils  occur  in  the  upper  bed  which  are  absent  oi:  rare  be- 
low. There  are  5  or  6  feet  of  the  rough  lumpy  sandstone,  and  this 
passes  down  into  hard  calcareous  sand  without  lumps,  but  a  layer 
of  siliceous  concretions  is  seen  on  the  north  side,  where  about  18  feet 
of  hard  decalcified  sand  has  been  dug. 

ThiB  other  quarry  is  on  the  south  side  of  the  road  at  the  western 
end  of  Wilmington.  The  face  of  this  quarry  is  over  30  feet  deep, 
but  does  not  show  the  base  of  the  calcareous  sand.  In  the  soil  at 
the  top  are  loose  Imnjis  of  the  quartziferous  sandstone  and  large 
blocks  of  hard  calcareous  sandstone  (grizde)  ;  below  these  are  3  or  4 
feet  of  soft  sandstone,  with  liarder  lumpy  ix)rtions,  and  in  this  part 
fossils  are  very  abundant.  The  rest  of  the  sand  contains  only  a  few 
fossils,  and  it  cuts  with  an  even  face,  being  chopped  out  with  the 
broad  end  of  a  pick.  It  is  traveled  by  three  layei-s  of  siliceous 
concretions,  the  highest  consisting  of  large  flattish  or  lenticular 
masses,  white  or  pink  outside,  and  containing  a  nucleus  of  brown 
chalcedonic  chert.  The  lower  layere  are  of  small  irregular  concre- 
tions. They  contain  sponge  spicules,  and  seem  to  be  sponges  more 
or  less  filled  with  sand  and  cemented  by  chalcedonic  silica. 

Wishing,  if  possible,  to  find  the  base  of  this  sand,  I  liad  a  hole  dug 
in  the  flooi*  of  the  quarry,  but  at  a  depth  of  about  12  inches  the 
workman  peached  a  hard  rocky  sandstone,  with  large  sand  gittins 
and  some  small  pebbles,  the  whole  being  indurated  and  compacted 
by  a  hard  stalagmitic  kmd  of  calcic  carbonate.  The  workmen 
stated  that  a  hole  had  been  dug  in  the  orchard  outside  the  pit 
traversing  0  or  7  feet  of  such  rock  without  reaching  its  base.  The 
total  thicknesH  of  this  calcareous  sandstone  seems,  therefore,  to  be 
about  40  feet. 

Pebbles  also  occur  occasionally  in  the  mass  of  the  sand.  Most 
of  them  consist  ot  rough  vein-quartz,  and  one  in  my  possession 
measures  about  1^  x  li  x  1  inches :  another  is  a  flat  pebble  of 
a  greenish  micaceous  sandstone  2^  inches  long. 

List  of  Fossils  from  the  Zone  of  Am.  Mantblli  at 

Wilmington. 

Since  the  publication  of  my  description  of  these  beds  I  have 
obtained  a  large  number  of  fossils  fix)in  the  workmen  who  dig  the 
sand  from  the  pit  south  of  the  village,  and  am  now  able  to  give  a 
much  longer  list  of  species.  A  few  of  them  appear  to  have  come 
from  the  remnants  of  the  quarteiferous  limestone  left  in  the  soil, 
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but  the  majority  are  certainly  from  the  calcareoua  sandstone,  and 
all  belong  to  the  zone  of  Am.  MarUdli, 

Pisces.  Kingena  lima,  Defr.* 

Lamna  appendiculata,  Ag»  Terebratula  arcuata,  Boemer 

Pycnodont  teeUi.  „  bipiicata,  Sow. 

Cephalopoda.  »  o^a^  ^^' 

Ammonites  [Acanth.]  ManteUi,  5^au^.  ^       »     „   squamosa,  if  anf. 
t    „   ]  navicularis,  ifant  Terebratellapectita,  if an<. 

[SchloeQb.]Coupei,Bra7?r/ii.  >»  Menardi  Lam. 

[      „         ]  varians,  S^oo;.     ,,       »».         oblonga  ?,  ^ow. 
Scaphites  aiqualis,  Sow.  rerebrirostra  lyra,  Sow. 

Tunilites  scbeuchzerianus,  Base. 
„        costatiis,  Lam, 


99 


99 


99 


Terebratulina  striata,  WafiL 


Gasteropoda. 
Avellana  cassis,  d*Oro. 
Fusus  sp.  (large  cast). 
Natica  sp.  (large  cast). 
Pleurotomaria  mailleana   d'Orb. 
„  sp.  (depressed). 

Lamellibranch  iata. 
Cyprina  ligeriensis,  d'Orb. 

99        sp. 
Exogyra  coiiica.  Sow. 

„        baliotoidea,  Sow 
Inoceramus  striatus,  Sow. 
„  sp.  (flatter). 

Lima  elongata.  Sow. 
globosa.  Sow.  var. 
xteicbenbacbi,  d'Orb. 
semiornata,  d'Orb. 
Modiola  ligeriensis,  d'Orb. 
Ostrea  diluviana,  Idnn. 

frons,  Park  1(» carina ta). 
normaniaua,  d'Orb. 
vesicularis.  Lam. 
vesiculosa,  Sow. 
Pecten  asper.  Lam. 

liispidus,  Goldf. 
orbicularis,  Sow.  ■ 
puzosianus,  d'Orb. 


99 

99 
J9 


99 


99 


99 


99 


9» 


Crustacea. 
Eucorystes  Carteri  ]  McCoy. 
Necrocarcinus  Bechei,  Deslong. 
„  Woodwardi,  Bell 

Plagiophthalmus  oviformis,  Bell 
Crustacean  claw. 

Annelida. 
Ditrupa  deformis.  Lam. 
Serpula  annulata,  Beuss 

Echinodermata. 
Caratomus  cf.  faba,  Ag, 
Catopygus  columbarius.  Lam. 
Cottaldia  Benettise,  Koenig. 
Cidaria  vesiculosa,  Brongn.  (tests). 
Discoidea  cylindrica,  Lam. 
„      subuculus,  Klein. 
Ecbinocyphus  difficilis,  Cott. 
Galerites  castanea,  Brongn. 
Glyphocyphus  radiatus,  Hoen. 
Goniophorus  lunulatus,  Ag. 
Hemiaster  Morrisi  ?  Forbes. 

„  bufo,  cfOrh. 

Holaster  Isevis,  Ag..  var.  carinata. 

„         subglobosuB,  Leske. 

„  „        var.   altus,  Ag. 

Pel  testes  umbrella,  Ag. 
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clathratus,  ^r/. 
(Varywitb  fine  ribs.) ^^®"^^^^*^^^"^*  Benettiae,  Forbes 
(Neithea)  cometa,  d'Orb.       '  »  Michelini,  Ag. 

„      quinquecostata,  Sow.  »  Normanite  (young), 

ornatum  ?  Goldf. 
variolare,  Brongn, 
„    var.  Roissyi,  Desor 


Plicatula  inflata.  Sow. 

sigillina,  V^oodw. 
Septifer  lineatus.  Sow. 
Spondylus  dutempleanus,  d'Orh. 

„        striatus,  Sow. 
Trigonia  crenulifera  ?  Lye. 

„       vicaryana.  Lye. 
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sp. 


Pygurus  lampas,  de  la  Beche 
Salenia  Clarki,  Forbes 
„      Austeni,  Forbes 
„      petalifcra,  Desm. 
Pentacrinu8  sp. 


Brachiopoda. 
Rbyncbonella  dimidiata.  Sow. 

„       var.  convexa,  SjKtngida. 

Sow.  Porosphsera  globularis,  Phil. 
grasiana,  d^Orb.  ,  piled  us  Lam. 

mantelliana,  Sow.  „  sp. 
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The  Cliff  Sections. 

A  mass  of  Cbalk  with  the  zone  of  Ammonites  Mantdli  at  its  base 
comes  in  as  an  isolated  tract  capping  the  high  ground  west  of 
Uplyme  and  Lyme  Regis.  The  Middle  Chalk  can  be  seen  here  and 
there  near  the  top  of  Ware  cliffs,  but  there  is  no  exposure  of  the 
Cenomanian  till  Finhay  is  reached. 

It  can  be  seen  in  the  cliff  west  of  the  mouth  of  Pinhay  (or  Qeve- 
lands)  Combe,  but  is  here  very  thin,  and  only  a  small  space  of  it 
can  be  reached.  It  is  \Tsible  again  at  the  western  end  of  Pinhay 
cliffs  in  a  great  cleft,  where  part  of  the  cliff  has  parted  and  slipped 
forward ;  and  also  at  several  points  along  the  front  of  Whitland's 
cliff.  None  of  these  places,  however,  form  convenient  points  of 
study,  and  the  composition  of  the  rock  can  be  examined  with  much 
greater  faciUty  in  the  fallen  blocks  which  have  descended  to  the 
beach. 

There  are  several  such  blocks  on  the  beach  west  of  Pinhay  Bay, 
near  the  waterfall.  These  show  about  3  feet  of  hard  glauconitic 
and  quartziferous  limestone,  the  upper  and  lower  parts  of  which 
exhibit  different  characters.  The  lower  bed,  which  we  may  call  A, 
is  a  very  hard,  compact,  shelly  limestone,  coarser  and  quartzose 
in  the  lower  six  inches,  where  the  coral-like  Brj'ozoan  Ceriocava 
ramvlosa  is  not  uncommon ;  this  bed  varies  from  1  to  2  feet  in 
thickness,  and  rests  on  an  irregular  surface  of  the  hard  calcareous 
sandstone  which  forms  the  summit  of  the  Selbomian.  The  upper 
bed  is  a  hard,  rough,  quartziferous  limestone  with  green-coated 
lumps  of  more  compact  stone,  and  a  few  brown  phosphatic  nodules. 
This  bed,  which  may  be  called  B,  contrasts  with  the  other  also 
by  containing  very  few  fossils,  and  the  change  from  one  kind  of 
rock  to  the  other  is  rapid,  though  they  are  closely  welded  together 
and  break  as  one  mass.  The  upper  bed  also  varies  from  1  to  2  feet, 
being  thickest  where  the  other  is  thinnest. 

A  little  farther  west  there  are  some  blocks  which  show  a  remark- 
able change  the  lower  bed  (A)  has  disappeared,  and  only  the  upper 
one  (B)  remains  (9  or  10  inches  thick)  welded  on  to  the  top  of  the 
Greensand  and  surmounted  by  another  bed  (C)  consisting  of  chalk 
with  many  large  grains  of  quartz  and  glauconite  and  with  many 
derived  phosphatic  nodules  at  the  base.  This  is  much  less  hard 
than  A  or  B,  and  is  about  9  inches  thick. 

Mr.  C.  J.  A.  Meyer  examined  these  blocks  in  1895,  and  agrees 
with  me  in  regarding  A  as  the  condensed  equivalent  of  the  beds 
which  are  numbered  10  and  11  in  his  description  of  the  Beer  Head 
section,  B  as  his  No.  12,  and  C  as  most  probably  his  No.  13. 

Below  Whitland's  cliff,  and  not  far  from  Humble  Point,  are  some 
large  blocks  in  which  both  A  and  B  are  shown,  the  two  together 
having  a  thickness  of  2  feet,  of  which  only  7  or  8  inches  belong 
to  B.  At  the  Point  are  other  large  masses,  one  of  which  shows  A 
and  B  with  a  marked  layer  of  phosphatic  nodules  at  the  top  welded 
on  to  B,  but  having  the  chalky  material  of  the  overlying  bed  m 
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the  interaticeB.  Of  thia  quartziferous  chalk  (C)  with  phoephatio 
fossils  and  nodules  there  is  about  6  inches,  and  it  is  directly  over- 
lain by  hard,  yellowish,  gritty  chalk  with  fossils  of  Middle  Chalk 
species.  The  following  diagram  shows  the  variation  in  the  thick- 
ness of  the  beds  seen  in  the  fallen  blocks :— 
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A                           ^ 
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Fig  32.    Diagram  of  the  variations  in  the  thickness  of  the 

Cenomanian  Beds  near  Pinhay. 

Of  these  three  beds,  A  and  B  form  the  zone  of  Ammonites  Man- 
teUi.  Bed  A  contains  many  Sponges  and  Bryozoa,  Rhyrickonella 
diiwidicUa  (large),  CcUopygvs  columbarius,  Holaster  altus,  Peeten 
asper,  Trigorda  Meyeri,  Am.  [Acanth.]  Mantdli,  Am.  [Schloen,] 
varians,  Am.  [Placenticerds]  largilliertianus  TurrUites  tvberaur 
UUvs,  and,  what  is  rare  in  this  bed,  a  specimen  of  Scaphites 
cBqualis.  Bed  B  contains  some  of  the  same  species  with  Galerites 
castanea,  Terebratula  rugvlosa,  C^iculloea  maillecmay  Golumbdlina 
sp.,  TurriliJtea  Marrisi,  and  rarely  Scaphites  cequalis. 

Bed  C  contains  a  large  derived  fauna  consisting  of  fossils  in 
the  state  of  phosphatic  casts.  Some  of  these  are  common  in  the 
beds  below,  and  might  have  been  derived  from  them  ;  others  such 
as  Scaphites  cequalis  and  Avdlana  cassisj  are  rare  below  but  very 
common  in  this  bed ;  lastly,  there  are  some  which  have  not  been 
found  at  all  in  the  older  beds.  It  would  appear,  therfore,  that 
these  phosphatic  fossils  represent  the  destruction  and  riddling 
of  some  bed  or  beds  which  had  previously  existed  above  B.  Lastly, 
this  Bed  C  containa  a  few  fossils  which  are  not  phosphatised  and 
belong  properly  to  the  bed  ;  the  commonest  of  these  is  Rhynchonella 
Wiesti,  a  species  which  is  closely  allied  to  Ilh.  Cuvierij  and  with 
it  are  Discoidea  cylindrica,  ActvrwcaTnax  plenus  and  AmToonites 
[Dotmileiceras]  euomphalus. 

The  fossil  evidence  therefore  leads  us  to  conclude  that  there  is 
a  great  gap  between  Beds  B  and  C,  a  conclusion  which  is  confirmed 
by  the  waterwom  and  phosphatised  surface  of  B.  But  it  also  com- 
pels us  to  regard  C  as  belonging  to  the  l-iower  Chalk,  to  the  very 
highest  part  indeed,  namely,  the  band  of  Actinocamax  plenus,  not- 
withstanding the  fact  that  there  is  a  complete  passage  from  it 
upward  into  the  Middle  Chalk.  Physically,  indeed,  it  forms  the 
basement  bed  of  this  Middle  Chalk,  but  we  prefer  to  regard  that 
as  a  local  stratigraphical  accident,  rather  than  to  admit  the  Dis- 
coidea and  Act.  plenus  as  Turonian  fossils. 

At  the  extreme  end  of  Whitland's  Cliff,  above  Charton  Bay,  the 
Beds  A  and  B  have  thinned  out  entirely,  so  that  C  rests  directly  on 
a  phosphatised  surface  of  the  Upper  Greensand. 
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The  Am.  MajUelli  zone  sets  in  again,  however,  at  Bousedon,  and 

is  exposed  near  the  top  of  tlie  old  quarry  in  the  ciiff ,  a  quarter  of 

a  mile  south  of  the  mansion.    The  section  here  is  as  below : — 

ft.   in. 
Middle  Chalk.   Whitish  chalk,  blocky  above,  rough  and  nodular 

in  the  lower  beds  (Rh.  Cuvieri  zone)-  -        -        -  15    0 

C.  Rough  glauconitic  and  quartziferous  chalk  -        -        -     0    9 

B  &  A.  Glauconitic  limestone  with  phosphatic  nodules  in 

the  upper  part ;   compact  and  shelly  b^low,  with 

Am.  \^SM!\  varianSy  Am,  [Acanth.l  Manielliy  etc.    -     2    0 

Upper  Greensand about  37     0 

Here  Beds  A  and  B  form  a  single  course  of  hard  glauconitic  lime- 
stone with  clearly-defined  upper  and  lower  surfaces.  This  Ume- 
stone  can  be  followed  along  the  Dowlands  cliffs  till  the  ground  falls 
away  into  the  valley  which  separates  these  cliffs  from  those  of 
the  Bindon  landshp.  It  can  be  reached  at  nq^ny  points  in  the 
great  cleft  of  this  landslip,  but  the  relations  of  the  beds  are  some- 
what different  here ;  the  lower  limestone  (A  and  B)  is  thinner  (about 
18  to  20  inches  only),  and  the  Bed  C  thickens  to  about  18  inches, 
becoming  also  hard  and  more  clearly  separated  from  the  chalk 
above. 

The  lower  bed  is  fine  grained,  compact,  and  shelly,  correspond- 
ing chiefly  with  Mr.  Meyer's  Bed  11,  without  any  coarse  grit  at 
the  base  to  represent  his  No.  10,  aitd  with  only  a  few  inches  at  the 
top  that  contain  greenish  lumps,  and  seem  to  represent  Bed  B  (his 
No.  12).  At  the  base  of  C  there  is  a  layer  of  phosphatic  nodules 
and  fossils,  but  in  the  mass  of  C  no  fossils  except  Bhrfrhchondla 
Cuvieriy  var.  Wiesti,  and  Galerites  castanea  were  foimd,  the  former 
being  common. 

Beyond  the  landshp  valley  and  at  the  west  end  of  a  fine  cliff 
facing  south,  the  bed  is  again  accessible,  and  the  succession  is  as 
follows  :— 

ft.  in. 

Hard  rough  nodular  chalk  (Turonian) 10    0 

1  C.  Very  hard  gritty  limestone,  consisting  of  quartz  and 

glauconite  in  a  chalky  cement 0    9 

A  &  B.  Hard  glauconitic  and  sandy  limestone,  with  a  layer 

of  phosphate  nodules  at  top 13 

Upper  greensand— rough  yellowish  sandstone     -       -       -    8    0 

Here  the  two  glauconitic  limestones  are  thinner  than  they  are 
200  yards  further  east,  and  there  is  less  separation  between  them 
than  usual,  so  that  they  seem  to  form  one  bed  about  2  feet  thick  with 
a  layer  of  phospliatic  nodules  about  9  inches  from  the  top.  It  is, 
however,  only  the  lower  bed  which  represents  the  zone  of  Ammonites 
Mantdli, 

Beyond  this  the  chalk  retires  from  the  edge  of  the  cliff-slope 
for  a  space,  but  comes  in  again  at  Ilaven  Chff,  where  the  Cenomanian 
limestone  is  nearly  2  feet  thick,  and  contains  Pecten  dsper,  Rhyrv- 
ckoTidla  dimidiata,  &c. ;  the  usual  layer  of  phosphate  nodules 
occurs  above  it. 
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The  next  section  i»  that  of  Whitecliff,  wewt  of  Serttoii,  but  tlie 
base  of  the  Chalk  in  this  cliff  is  only  accessible  at  two  points,  iirst, 
whcSre  a  fall  has  left  a  means  of  access  over  a  broad  tains  slope  of 
debris,  and,  secondly,  in  the  roof  of  a  cave  near  the  point  of  Beer 
Harbour.  There  are,  however,  many  fallen  blocks  in  which  the 
structure  of  the  Umestone  can  be  more  readilv  examined. 

In  the  cliff  it  can  be  seen  that  the  lower  surface  of  the  Cenomanian 
limestone  is  a  well-marked  plane,  generally  very  even  and  level, 
but  here  and  there  are  angular  pockets  and  fissures  in  the  under- 
lying rock,  which  are  filled  with  material  from  alx)ve.  Although 
this  plane  of  separation  is  clear,  it  is  not  conspicuous,  because  both 
beds  are  so  hard  and  calcified  that  one  does  not  project  beyond  the 
other. 

The  Cenomanian  limestone  breaks  awa}  in  one  bed,  but  examina- 
tion of  the  fallen  blocks  shows  that  there  are  really  two  if  not  three 
layers.  It  seems  to  be  thickest  toward  the  northern  end  of  the 
cUff,  for  s(Hne  blocks  below  this  show  a  thickness  of  nearly  4  feet, 
w^hile  at  the  southern  end  it  is  only  2  feet  tiiick.  Whei-e  thickest 
pieces  of  Ceriocava  ramxdosa  have  l^een  found  near  the  base,  show- 
ing that  Bed  10  of  Mr.  Meyer's  numeration  enters  into  its  com- 
position ;  the  central  part  is  a  compact  shelly  limest(me,  yellowish- 
white,  with  small  scattered  glauconite  grains,  but  Avith  many  quartz 
grains,  both  large  and  small ;  it  is  full  of  fossils  and  broken  shells. 
The  upper  part  (Bed  12  or  B)  is  greenish  from  the  number  and 
larger  size  of  the  glauconite  grains ;  it  also  shows  greenish  and 
brownish  stains,  and  contains  lumps  of  partially  phosphatised 
stone,  but  not  so  many  fossils  as  the  lower  part.  The  microscopic 
structure  of  these  beds  is  descriljed  in  Chapter  XXII. 

The  upper  surface  of  the  limestone  is  a  marked  plane,  and  there 
is  nothing  to  represent  C,  except  nests  of  glauconitic  sand  embedded 
in  the  base  of  the  overlying  Tui'onian  limestone. 

The  sandy  hmestone  and  the  overlying  hard  nodular  chalk 
sink  south-westward  together  below  Beer  Harbour,  and  form  a 
ledge  which  is  dry  for  some  distance  at  low  water.  They  emerge 
from  beneath  the  pebble  beach  in  the  cliffs  south  of  Beer, 
and  the  limestone  is  well  exposed  for  a  short  distance  in  a  low 
anticline,  which  succeeds  the  synclinal  flexure  of  the  harbour. 
Thence  it  keeps  nearly  horizontal  for  a  little  distance,  but  gradually 
dips  southward  to  the  caves  (or  Hall  rocks)  north  of  Pounds  Pool. 

The  section  south  of  Beer  is  similar  to  that  at  Whitecliff,  whore 
first  seen  the  Cenomanian  Umestone  is  2J  feet  thick,  but  thins 
southward  rapidly,  and  on  the  south  side  of  the  anticline,  where 
the  cliffs  form  a  projecting  point,  it  is  only  one  foot  thick.  In  the 
little  cove  on  the  south  side  of  this  point  its  thickness  is  16  inches, 
and  this  increases  rather  rapidly  to  2  feet,  and  finally  to  2 J  feet. 
Attention  may  here  be  called  to  the  fact  that  it  is  the  lower  pail 
which  varies  so  much  in  thickness,  the  upper  course  both  here  and 
at  Whitecliff  keeping  about  a  foot,  never  less  than  10  nor  more 
than  18  inohes. 
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In  the  anticline  above  mentioned  there  is  at  one  place  a  fissure 
breaking  the  surface  of  the  Upper  Greensand  and  filled  contem- 
poraneously with  Cenomanian  material. 

The  next  good  section  is  foimd  at  Pounds  Pool,  where  another  low 
anticline  once  more  brings  the  Cenomanian  above  the  level  of  high 
tide.  Here  the  two  layers  or  courses  become  distinct  and  separate 
beds,  and  the  succession  at  the  north  end  of  the  cove  is  as  follows  : — 

*  ""  N       -  ft. 

Base   of   Turoniaa.— Hard  rough  yellowish  nodular  lime- 

stoii3,  with  green  grains  in  lower  part      -       -       -       -      l}-2 
B.  Hard  glauconitic  quartzose  limestone  with  green 
coated  nodules  at  top  and  bottom  and  scattered 
throughout ;  base  irregular,  and  piped  into  bed 
below             -       -   .    -       -     average  thickness      H 
I  ^  A.  Very  hard  whitish  shelly  limestone,  with  less  quartz 
and  glauconite  than  bed  above ;  no  phosphates 
except  at  very  top,  but  scattered  patches  of  glauco- 
nitic sand  here  and  there.    Many  fossils. 
\                                                      Mcoimum  thickness      3 
Selbomian. — Hard  rough  calcareous  grit,  with  few  fossils,  pass- 
ing down  into  sandstone 6 

The  plane  of  division  between  Cenomanian  and  Selbomian  is 
well  marked,  and  for  the  most  part  even.  From  the  place  where 
the  above  section  was  taken  both  beds  thin  toward  the  centre  of 
the  anticlinal,  where  they  are  out  of  reach,  but  seem  to  be  each 
about  9  inches  thick.  Viewed  from  the  bay,  it  is  seen  that  these 
limestones  thicken  in  each  direction  from  the  siunmit  of  the 
anticline,  but  most  rapidly  to  the  northward. 

From  Poimds  Pool  southward  the  two  beds  of  Umestone  can  be  fol- 
lowed ^vith  the  eye  through  the  cliffs,  though  they  are  only  acces- 
sible here  and  there ;  their  combined  thickness  varies  between  3  and 
5  feet,  and  just  before  reaching  Beer  Head  measurements  taken 
from  a  large  fallen  block  gave  20  inches  for  the  upper  bed  and  3  feet 
for  the  lower  bed,  each  having  the  same  characters  as  at  Poimds 
Pool.  A  great  change  then  takes  place,  the  mass  of  the  two  Ume- 
stones,  with  well-marked  lower  and  upper  surfaces,  can  be  seen  to 
thicken  out  rapidly  in  the  clifr  which  forms  the  actual  headland ; 
and  where  next  accessible  at  the  top  of  a  pile  of  fallen  blocks  about 
50  yards  west  of  the  headland  the  section  is  as  follows  :  — 

Base  of  Turonian.— Hard  yellowish  gritty  and  glauconitic     ft.  in. 

limestone ----29 

("B.  Hard  quartziferous  and  glauconitic  limestone, 
with  green-coated    nodules  at  the  top  and  two 
layers   near  the  base ;   weathers  to  a  pitted  or 
honeycombed  face.     Holcuter  aubgMosuSy  and 
other  fossils         .......26 

A.  Hard  whitish  gritty  limestone,  with  layer  of  green- 
coated  nodules  at  top ;  compact  and  shelly  in 
upper  \ra,Tt  with  Pecten  asper^  Holaster  alius 
Am.  [Acanth,]  Mantellij  etc.  ;  lower  part 
coarse-grained,  with  Cenocava  ramtUosa  and 
other  Bryozoa     -  ...         11  to  12    0 

Selbornian.— Calcareous  sandstone  of  finer  grain  than  the 

coarse  grit  above  it ;  iipper  surface  well  marked,  few  fossils  10    Q 
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HoUuter  mibglobosus  and  Tt^el)ratula  arcuata  are  coniniou  iu  the 
upper  bed  B,  but  do  not  occur  in  A  ;  while  Pecten  asper  is  common 
in  A,  and  does  not,  so  far  as  I  could  ascertain,  occur  in  Bed  B. 
Hdader  aiUus  and  Hoi.  Icevis  are  also  common  in  A  and  rare  in  B. 

The  lowest  3  or  4  feet  of  Bed  A  is  a  very  coarse  grit  with  large 
quartz  grains  and  some  pebbles  of  vein-quartz  and  homstone,  but 
fossils  are  still  abundant  in  it,  the  branching  forms  of  Ceri(Kava 
ramuloaa  being  especially  conspicuous.  Many  of  these  Ceriocava 
are  bored  bv  LUhodomus.  Single  valves  of  large  Terebratdla  pectita 
and  of  RkynchAmdla  dimidiata  are  also  not  uncommon. 

The  amoimt  of  glauconite  in  the  upper  bed  seems  to  vary,  the 
more  western  fallen  blocks  showing  2  feet  of  greenish  limestone  Ukq 
that  of  Whitecliff,  with  green  stains  between  the  nodular  lumps  and 
a  marked  layer  of  green-coated  nodules  at  the  top. 

As  these  beds  are  followed  with  the  eye  above  the  pebble-beach, 
which  is  marked  **  Little  Beach  "  on  the  6-inch  map,  the  lower  and 
coarser  part  of  A  is  seen  to  thin  out,  leaving  this  bed  only  about 
5  feet  thick,  while  B  above  keeps  about  2  feet. 

Where  the  beds  abut  against  the  grass  slope  of  Hooken  under- 
eliff  this  lesser  thickness  seems  to  be  maintained,  but  they  are  not 
well  exposed  or  easy  of  access. 

Fallen  masses  on  the  shore  below  the  landslip  show  that  another 
sudden  thickening  takes  place ;  the  main  mass  of  the  landslip  at 
the  "  Pinnacles  "  shows  a  good,  clear,  vertical  section  of  these  beds 
on  its  northern  side,  and  another  section  can  be  measured  by  help 
of  the  talus  slope  down  the  face  of  Hooken  cUff,  a  little  to  the 
south-east  of  the  C!oastguard  Station  (see  Fig.  33).  Placing  these 
three  sections  side  by  side,  we  have  the  following  remarkable 
evidence  of  local  thid^ening  toward  the  west,  as  well  as  of  the 
incoming  of  a  new  bed,  which  is  evidently  the  equivalent  of  that 
referred  to  as  C  near  Lyme  Begis.  


C.  Bouffh  gritty  greenish  glauconitic  sand  in 
chalky  matrix,  with  scattered  brown 
pho8phBLteB--Actinocarfiaxplenti8  - 

B.  Very  hard  gritty  limestone,  having  a 
thick  layer  of  brownish  green-coated 
nodules  at  top,  passing  down  into  hard 
rongh  nodular  whitish  gritty  limestone, 
with  greenish  sand  in  the  interstices— 
Holaster  8ubglobo»u8     -       -       -       - 

A.  Very  hard  calcareous  grit,  with  a  nodular 
phosphatised  layer  at  the  top,  which  is 
plan^  off  to  a  flat  surface ;  a  whitish 
gritty  and  shelly  fossiliferous  limestone 
with  little  glauconite,  coarse  and  rough 
near  base,  where  Ceriocava  ramulota 
occurs ;  Pecten  cuper  and  Holaster  Icevis 
common  in  upper  part         ... 

Totals 
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Thus  we  find  that  Beds  A  and  B,  which  are  only  about  7  feet 
thick  above  the  centre  of  Little  Beach,  have  thickened  to  no  less 
than  23^  feet  at  Hooken  Clifif,  with  the  further  addition  of  6  feet 
of  glauconitic  sand,  making  a  total  of  nearly  30  feet  for  the 
Cenomanian  part  of  this  cliff. 

With  respect  to  Bed  A,  the  base  was  not  seen  on  the  shore  or  at 
the  Pinnacles,  but  in  Hooken  Cliff  it  is  visible  where  not  obscured 
by  downwash,  and,  as  usual,  it  rests  on  a  well-marked  even  surface 
of  the  uppermost  Selbomian  sandstone.  There  can  be  no  doubt 
that  it  is  the  same  as  the  11  feet  of  fossiliferous  grit  of  Beer  Head- 
land, nor  that  it  is  the  "  bed  10  "  of  Mr.  Meyer's  paper  on  the  Beer 
Head  sections ;  but  it  seems  to  me  equally  clear  that  it  is  only  an 
expansion  of  the  bed  which  he  numbered  11  at  Whitecliff,  and 
that  the  bed  which  he  took  to  be  10  at  Whitecliff  is  the  uppermost 
calcareous  sandstone  of  the  Selbornian  stage. 

Bed  B  has  changed  its  character  to  some  extent  in  thickening 
out ;  there  is  now  only  one  layer  of  green-coated  nodules,  and  this 
is  at  the  top;  the  lower  part  is  qmte  free  from  such  nodules,  and 
forms  a  somewhat  massive,  whitish  limestone  full  of  quartz  grains 
with  patches  and  nests  of  greener,  more  glauconitic  sand.  Mr. 
Meyer  has  kindly  shown  me  the  original  section  he  took  at  Hooken, 
and  it  is  the  lower  half  of  this  bed  which  he  has  numbered  11.  It 
is  characterised  by  the  abundance  of  Holaster  subglobosus  of  tjrpical 
form,  although  this  fossil  does  occur  in  upper  part  of  the  bed,  and 
also  in  the  upper  3  feet  of  the  bed  below  (A).  Mr.  Meyer's  Bed  12 
at  Hooken  is  the  upper  part  of  what  I  have  here  called  B. 

Bed  C  is  Mr.  Meyer's  Bed  13,  and  his  description  of  it,  as  seen 
at  Hooken  Cliff  (Beer  Head  in  his  paper),  is  sufficiently  accurate, 
but  I  think  he  was  mistaken  in  identifying  it  as  a  definite  bed  else- 
whiare.  It  does  not  seem  to  me  to  exist  as  a  bed  even  in  the  slipped 
masses  on  the  shore  below  the  Pinnacles,  but  the  glauconitic  mate- 
rial of  it  and  some  of  its  fossils  have  been  worked  up  into  the  base 
of  the  Turonian  limestone.  Its  most  characteristic  fossils  are 
ActmocaTnax  plemis  and  varieties  of  a  RhynchondUiy  which  appears 
to  be  the  it/t.  Wiesti  of  Quenst.  A  form  like  Rh,  maTvtdliana  is 
also  present.  There  are  also  a  number  of  derived  phosphatic 
fossils,  among  which  is  Am,  [Acanthoceras]  hippooaatcmum,  though 
this  does  not  occur  in  the  beds  below. 

In  the  upper  part  of  C  I  f oimd  GalerUes  svbrotundus  (a  Turo- 
nian species),  and  there  is  a  complete  passage  from  this  bed  into 
the  hard  nodular  Turonian  chalk,  so  that  physically  it  is  rather 
the  base  of  that  stage  than  the  top  of  the  Cenomanian. 

The  group  of  beds  just  described  can  be  followed  with  the  eye 
for  several  hundred  yards  to  the  westward,  but  the  rise  of  the  beds 
in  that  direction  takes  them  high  up  into  the  cliff,  and  it  is  impos- 
sible to  say  how  far  B  and  C  extend.  It  is  certain,  however,  that 
they  either  thin  out  or  were  cut  out  by  contemporaneous  erosion, 
and  that  much  of  the  overlying  chalk  also  disappears,  until  finally 
the  soft  chalk  of  the  Terebrattdma  zone  comes  to  rest  on  an 
eroded  surface  of  the  basal  part  of  Bed  A, 
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The  remarkable  phenomenon  was  first  noticed  b\  Mr.  Whitaker 
in  1871,  but  has  not  been  described  by  any  subsequent  writer. 
The  actual  facts  are  rather  more  complicated  than  is  represented 
in  the  diagram  given  by  Mr.  Whitaker,  and  it  will  be  more  con- 
venient to  discuss  them  when  describing  the  Middle  Chalk  (see 
Fig.  77,  p.  439).  In  this  place  it  need  only  te  said  that  the  disap- 
pearance of  the  beds  above  mentioned,  together  with  the  greatt^r 
part  of  Bed  A,  can  be  ascertained  by  a  careful  examination  of  the 
large  fallen  blocks  on  the  undercliff  near  the  boundary  line  between 
the  parishes  of  Beer  and  Branscombe. 

There  are  three  of  these  blocks  near  the  outer  footpath,  and  the 
two  more  easterly  both  show  about  two  feet  of  coarse  fossiliferous 
grit,  in  every  respect  similar  to  the  basal  part  of  A  at  Beer  Head ; 
this  grit  yields  the  same  Bryozoa  and  Sponges,  and  rests  on  a  well 
marked  surface  of  a  massive  caloareous  sandstone,  sueh  as 
forms  everywhere  the  top  of  the  Upper  Greensand. 

The  third  block,  which  is  known  as  Mitchell's  Rock,  has  come  to 
rest  in  a  more  horizontal  position,  and  includes  a  fair  thickness  of 
the  overlying  chalk.  This  block  shows  3  feet  of  bed  A,  with  the 
same  characters  and  many  fossils,  especially  in  the  upper  foot» 
which  is  immediately  overlain  by  the  soft  white  chalk  of  the  TeT&- 
bratulina  zone.  From  the  fossiUferous  grit  in  this  blook  I  obtained 
the  following  fossils  *  :  — 

Elasmostoma  sp.  Pecten  acutus  ] 
Tremacystia  d*Orbignyi.  „      hispidus. 

Membranipora  sp.  Lima  sp. 

Ceriocava  ramulosa.  Modiola  sp.  (cast).  ' 

Radiopora  (Cellulipora)  ornata  Pectuncuhis  sp. 

Rhynchonella  dimidiata.  Trigonia  vicaryana. 

The  west  end  of  these  cliffs  is  inaccessible,  but,  so  far  as  can  be 
judged  by  looking  from  the  top,  the  conditions  existing  at  Mitchells 
Rock  continue  to  the  mouth  of  the  Branfccombe  valley.  There  is, 
however,  a  small  quarry  about  half  a  mile  east  of  Branscomlx) 
Vicarage,  where  A  appears  to  be  absent,  while  a  tliin  representative 
of  B  is  present,  the  section  being  as  follows  :  — 

Soil,  with  flints 2 

Yellowish  loam,  with  scattered  flints  and  remnants  of  soft 

chalk  at  the  base 3 

Very  hard  conipact  white  limestone  without  glauconite         -        i 
Hard  glauconitic  limestone,  with  green-coated  nodules  and 

many  fossils,  Am,  [Acanth.]  Mantelli,  etc.  -        -        -        -       i 
Hard  calcareous  sandstone,  rough,  and  full  of  quartz  for  about 

3  feet,  passing  down  into  massive  sandstone,  which  has  been 

quarried  for  building  stone  (Selbomian),  seen  for       -        -    12 

The  beds  dip  eastward  at  about  3"*.  and  a  fallen  block  exposed  the 
plane  of  separation  between  the  sandstone  and  the  Hmestone,  show- 
ing a  layer  containing  many  pebbles  of  sandstone  and  many  s})eci- 
mens  of  Trigonm  (chiefly  T.  exx^entriai)  and  some  other^  fossils. 
This  layer  is  merely  the  thickness  of  the  pebbles  and  fossils,  and  is 
all  that  can  be  regarded  as  representing  the  Bed  A. 

*  The  Spongea  and  Bryozoa  were  kindly  identified  by  Dr.  Hinde. 
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From  all  the  facta  I  think  wo  may  conclude  that  the  two  clearly- 
marked  planes  of  division  which  are  seen  above  Beds  A  and  B  re- 
spectively below  the  Coastguard  Station  are  really  planes  of  erosion  ; 
that  both  these  beds,  A  and  B,  were  originally  deposited  over  the 
tract  where  one  or  both  are  now  absent,  but  that  this  tract  was 
swept  by  a  strong  current  which  at  the  two  epochs  indicated  by 
the  erosion-planes  became  strong  enough  to  carry  away  and  destroy 
some  of  the  material  it  had  jireviously  deposited. 

The  very  thickening  of  the  beds  from  Beer  Head  westward  suggests 
that  the  materials  were  piled  up  into  a  kind  of  bank  or  ridge,  and 
that  it  was  the  greater  part  of  this  ridge  which  was  subsequently 
destroyed  by  current  action. 

Crossing  the  mouth  of  the  Branscombe  valley,  the  Cenomanian 
beds  are  foimd  again  at  the  top  of  Branscombe  cliff,  coming  in 
where  this  reaches  a  height  of  300  feet.  For  a  little  distance,  how- 
ever, they  are  not  easily  accessible. 

In  a  bluff  east  of  the  rock  called  the  Duck  and  Button  there  is  a 
section  which  can  be  reached  by  climbing,  and  in  which  there  seem 
to  be  three  distinct  beds,  no  doubt  corresponding  with  Mr.  Meyer's 
10,  11,  12.    The  succession  here  is  as  follows  :— 

-,         .       r Rough  nodular  chalk,  about  .        _        -        - 

iuroiuan.Jjlitrd    rocky   chalk,   with    grains  of  quartz    and 

I    glauconite,  base  clearly  defined       .... 

IB.  Grey  gritty  limestone,  with  a  layer  of  green- 
coated  nodules  at  top  -  .        .        .        . 
A.    2.  Hard  shelly  and  sandy  limestone  -        -        - 
1.  Rough  fossiliferous  grit,  base  not  seen  at  this 
exposure,  but  thickness  more  than   - 
Selbomian. — Massive  calcareous  sandstone,  about 

From  this  place  the  fossiliferous  grit,  Al,  is  seen  to  thin  out  rapidly 
in  both  directions,  letting  the  next  l^ed,  A2,  come  down  on  to  the 
upper  Greensand.  Probably  there  has  been  some  erosion  of  the 
latter,  and  Al  occupies  the  hollow  so  made,  but  the  irregularities 
of  the  cliff  and  the  growth  of  grass  and  bushes  make  it  difficult  to 
te  sure  of  this.  This  Al  is  clearly  the  equivalent  of  the  lower  part 
of  the  Bed  A  at  Beer  Head  and  Hooken,  and  as  A2  contains  Pcden 
asper,  I  regard  it  as  the  upper  part  of  that  l^ed,  B  iDeing  here  very 
thin,  and  C  is  not  represented. 

This  reading  is  confirmed  by  another  exposure  further  west,  in  a 
bluff  near  the  top  of  the  cliff',  more  than  half  a  mile  west  of  the 
Coastguard  Station  and  above  the  low- water  inlet  called  the  Cove. 
The  arrangement  of  the  beds  in  this  bluff'  is  shown  in  Fig.  34,  which 
is  taken  from  a  rough  sketch  made  on  the  spot. 
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Turonian. — Rough  whitish  chalk,  with  yellowish  nodular 

lumps  and  yellowish  gritty  limestone  at  base  - 

Zone     (®*    Rough  gritty  limestone,  loose  and  weathered 

oi  Am.  JA2.  Hard  rough  shelly  limestone    -        -        -       - 

MantditA^^'  BarH  rouph  calcareous  grit,  with  larpe  ouartz 

'  V  grains  and  a  few  fossils,  deepens  from  0  inches  to 

Selbornian.— Massive  calcareous  sandstone  -        -        -        - 
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Theeu  three  beds  in  Branscombe  cliU'ij  were  identified  by  Mr. 
Meyer  with  his  Nob.  10, 11,  and  12.  Westward  the  Bed  Al  thickens 
again  in  a  few  yards  to  a  depth  of  6  feet,  A2  bdng  at  the  same  spot 
only  9  inches,  and  B  only  5  inches  thick.  Here  the  base  of  Bed  Al 
is  piped  into  the  cracks  and  rifts  of  the  underlying  rock,  and  spaces 
of  some  size  are  Med  with  it. 

In  the  next  bluff,  about  130  yards  to  the  wpst,  Al  is  aleent  alto- 
gether, A2  has  a  thickness  of  2  feet  9  inches,  and  there  are  traces 
of  B  above  it. 

A  quarter  of  a  mile  further  west,  below  Berry  cliff  and  above 
Bed  Rock  path,  is  a  fallen  block  in  which  these  beds  are  conveniently 
exposed  for  examination.  The  lower  bed  here  (A2)  is  a  hard  gritty 
and  shelly  limestone,  \vith  a  clear  basal  plane  of  separation ;  but  B 
is  represented  only  by  4  or  5  inches  of  rough  gritty  stone  welded 
on  to  the  lower  bed,  and  full  of  brown  phosphatiaed  lumps. 


—Sketch  of  a  Bluff  in  BTanscombe  Cliffs,  Devon  Coast 


3.  Bough  shetly  limestone  (aS). 

3.  Coarse  calcareous  grit  (a1). 

1.   Mas!>ive      calcareouB     aandatone 


5.  Middle  Chalk  with  yellowish 
gritty  limestone  at  the 

4.  Rough  gritty  limestone,  (b.)  (Selbornian). 

Where  next  seen  in  the  cliffs  above  Donkey  Linhay  rocks  the  bed 
B  seems  to  have  thinned  out  entirely,  and  tiere  is  no  trace  of  the 
rough  grit  (Al),  the  sole  representative  of  the  Cenomanian  being 
the  hard  compact  shelly  limestone  (A2),  glauconitic  and  quartz- 
iferous,  thickness  21  feet.  Many  fossils  cnn  be  seen  in  this,  but  it 
is  alnioat  iiii|ic»aiblf  to  extract  fhem.  I  saw  here  three  specimens 
of  Pecten  asj^er  quite  close  to  the  top,  and  I  never  found  this  species 
in  the  higher  bed  B. 


Ceno- 
manian 
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From  the  forgoing  account  of  the  expoBures  in  Branscombe 
cliffs  it  will  be  seen  that  the  Cenomanian  is  here  a  very  variable 
group,  consisting  of  three  separate  beds,  each  of  which  varies  greatly 
in  thickness.  The  lowest  of  the  three  is  the  most  local,  often  thin- 
ning out  entirely  in  a  very  short  distance ;  the  higher  seems  to 
thin  out  very  gradually  westward,  but  the  middle  bed  nowhere 
quite  thins  out,  and  remains  where  the  other  two  are  absent. 

There  is,  however,  an  interesting  section  in  a  quarry  about  a 
quarter  of  a  mile  N.N.W.  of  Branscombe  Church,  on  the  eastern 
slope  of  Culverhole  Hill.    This  is  :— 

ft.  in. 
•pm-Qj^jj^j^TRubbly  soil  and  whitish  nodular  chalk       -        -        -20 
\Hard  yellowish  limestone,  nodular  at  base  -       -       -     1    0 
'B.  Hard   compact   whitish  gritty  limestone,  with 

green-coated  nodules  at  top  -       -       -       -    0    0 
A.  Bough  gritty  and  pebbly  rock,  with   casts   of 
shells  and  sandstone  pebbles,  and  Cen'^)caiHi 
ramtUosa  near  the  base  -       -       -       -       -    6    6 
Selbornian.— Massive  calcareous  sandstone     -        -       -       -  15    0 

Bed  B  is  similar  in  character  and  in  thickness  to  the  corre- 
sponding bed  in  the  cliff  sections,  while  that  lettered  A  seems  to 
be  the  portion  which  I  have  there  called  Al.  It  is  one  homogeneous 
mass  from  top  to  base,  coarsest  at  the  bottom,  but  without  any 
divisional  plane,  and  not  specially  compact  or  shelly  at  the  top.  It 
would  seem  therefore  that  the  Bed  A2,  so  persistent  in  the  cliffs,  is 
here  absent. 

There  were  formerly  good  sections  in  the  quarries  on  Culverhole 
Hill,  but  these  are  now  disused  and  overgrown. 

Keturning  to  the  cliffs  west  of  littlecombe  Hollow,  the  beds  rise 
to  such  a  high  level  and  the  cliffs  present  such  an  unbroken  face 
above  the  lower  slope  that  the  Chalk  cannot  be  reached  without 
dangerous  climbing.  On  the  shore  below  Weston  cliff,  however, 
there  is  a  fallen  block  which  shows  that  all  three  beds  of  the  Ceno- 
manian group  have  come  in  again  at  that  place.  This  block  gave 
the  following  measurements  :  — 

ft 
B.     Hard  rough  whitish  limestone,  with  rather  large  quartz 
grains,  green-coated  lumps  in  the  upper  half,  Holaster 

8ubglobo9US 1 

A2.  Very  hard  compact  limestone,  with  many  shells  and 

Bryozoa,  Trigonia  vtcaryana  and  Ank[A  canth.]Mantell%    2 
Al.  Bough  shelly  calcareous  grit,  with  large  quartz  grains, 

Pectens,  Sponges,  and  Certocava  ramulosa  -        -        -    1  i 

A  few  inches  of  hard  chalk  with  scattered  quartz  and  glauconitic 
grains  adhere  to  the  top  of  B. 

Crossing  Weston  Gap,  we  come  to  that  part  of  Dunscombe  cliffs 
which  is  known  as  Eempstone  Bocks,  and  which  seems  to  be  part  of 
the  cliff  face  in  its  natural  position.  It  may  be  noticed,  however, 
that  while  the  Cenomanian  base  in  Weston  cliff  rises  to  the  500  feet 
contoiu",  at  Kempstone  Bocks  it  has  fallen  to  about  430,  the  pro- 
bability  being  that  a  fault  with  downthrow  to  the  west  runs  along 
the  valley  between  Weston  and  Dunscombe. 


1  12  THK   CKBTAUlilJUd   ilOCKH   OV   H'dTAIS. 

At  the  eastern  end  of  Kempstone  Rocks  the  uppermost  bed  of  Hie 
rireensand  has  been  quarried  away,  and  in  the  recess  thuK  li'ft  an 
i  utei'estin^  section  of  the  beds  which  overlie  it  is  seen  (Fik-  3J>)- 

ft.  in. 
B.     Whitish  gritty  limestone  witli  a  clmlky  matrix,  weather- 
ing into  lumpy  layers,  few  fosails ;  layer  of  green- 
coated  nodules  at  the  top  -_ 10 

A2.  Hard  compact  greyish  shelly  limestone  -        -        -        -    2    0 
Al.  Coarse  grit  with  calcareous  cement,  eome  fossils,  espe- 
cially Ceriocava  rainulota  near  base         -        -  up  to     2    0 

The  lowest  bed,  Al,  is  2  feet  thick  in  the  corner,  but  thins  out 
entirely  in  a  few  yards,  leaving  only  A2  and  B  to  continue  weat- 
ward.  Theae  can  be  reached  at  the  top  of  a  giilly  about  the  middle 
of  the  cliff-face.  Bed  A2  here  yielding  Am.  [Acanth.]  Mantdli,  Am. 
[ffoplites]  cumatvs,  Trigojiia  vicari/ana,  Inoceramva  striatus  and 
lAina  (cast).  From  B  I  obtained  Septifer  lineatus.  Plearotomaria 
sp.,  Rhyndumdla  dimidiaia,  Ter^aratdla  pediia,  Discoidea 
stAucvlus,  and  the  claw  of  a  Crustacean. 


Fia.  311. — Sketch  of  an  Old  Quarry  at  Kempstone  Bocks.  ' 

4.  Whitish  gritty  linieHtone  (B).  c.  Calcareous  saadstonet 

3.  Compact  shelly  limestone  (A2),        '    "  .  .       ^ 

2.  Coarse  calcareous  grit  (Al). 

There  is  an  old  quarry  further  inland  east  of  Dunscombe  Farm 
where  the  same  beds  are  exposed,  but  are  only  acceeaible  in  one 
place ;  here  Al,  with  its  usual  characters  and  fossils,  varies  from 
15  to  30  inches  in  thicknees,  and  is  overlain  by  a  massive  compact 
limeatone,  which  appears  to  be  A2,  while  at  this  point  B  seems  to 
be  represented  t^  a  layer  of  green-coated  nodulee.  A  few  yards  o£E, 
however,  blockx  of  Bed  B,  having  the  usual  aspect  of  a  whitish. 
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gritty  limeBtone  with  large  Rhynchondla,  but  few  other  shells,  lie 
on  the  grass  and  testify  to  its  existence  above ;  with  them  are  squared 
Uocks  of  the  shelly  limestone  (A2),  which  seem  to  have  been  used 
for  building  stone. 

At  the  top  of  the  east  end  of  Higher  Dimscombe  cliff  the  base  of 
the  Middle  Chalk  can  just  be  reached.  Below  it  are  2  feet  of  Bed  B, 
containing  large  Rhyndiondla  dimidiataf  and  rather  more  than 
2  feet  of  hard,  whitish  shelly  stone  (A2).  La  the  old  quarry  near  by 
the  outcrop  of  the  latter  can  be  seen,  and  below  are  18  inches  of 
coarse  pebbly  grit  with  some  fo8sils(Al),  resting  on  massive  calcareous 
sandstone. 

The  course  of  these  beds  along  the  cliff-top  could  not  be  reached 
without  risk  of  life,  unless,  perhaps,  by  the  aid  of  men  and  a  rope  ; 
but>  fortimately,  we  are  not  left  without  evidence  that  all  three 
Cenomanian  beds  continue  and  actually  thicken  locally  to  the  west^ 
ward.  This  evidence  is  obtained  from  the  large  fallen  blocks  which 
lie  on  the  shore  below  the  western  part  of  the  cliff,  which  is 
known  as  Maynard's  cliff.  One  of  these  gave  a  vertical  succession 
of  about  9  feet,  the  whole  belonging  to  the  zone  of  Am,  ManteUi, 
and  having  the  following  composition:  — 

B.  Hard  gritty  limestone  with  white  chalky  matrix,  large  quartz 
and  small  ^uconite  grains ;  many  large  green-coated  lumps 
throughout  the  mass,  these  are  brownish  inside,  but  consist 
of  the  same  material  as  the  rest ;  the  base  of  this  is  welded  on 
to  the  next.    Thickness,  2  feet. 

A2.  Very  hard  sandy  limestone  of  finer  grain,  full  of  shells  and  hard 
whitish  calcareous  lumps,  some  of  which  are  Bryozoa  (JbTefn- 
braniporay  etc.),  passing  into  next.    Thickness,  about  4  feet. 

Al.  Bough  calcareous  grit,  shelly  in  upper  part,  becoming  very  coarse 
in  lower  part,  with  some  quartz  grains  as  large  sis  peas  Ceriocava 
rcMitdosa  very  conunon  in  lower  part. 

This  Uock  included  from  3  to  3^  feet  of  the  lowest  bed,  but  another 
one  showed  about  4  feet,  with  a  flat  lower  surface,  which  was  pro- 
baUy  the  basal  plane.  CJorals  were  common  in  the  lower  3  feet  of 
this ;  but  in  neither  block  was  there  any  sharp  division  between 
Al  and  A2,  the^one  passing  into  the  other  more  completely  than  in 
any  other  expos\u*e  seen  to  the  west  of  Hooken  cliffs.  The  change 
from  coarse  to  finer-grained  rock  is,  however,  rather  rapid.  It  is 
curious  that  at  this,  the  most  westerly  outcrop  of  the  Cenomanian, 
its  thickness  (10  feet)  should  be  greater  than  it  is  anywhere  else 
along  the  coast,  except  at  Hooken  and  Beer  Head. 

Bed  B  is  clearly  Mr.  Meyer's  12,  and  yields  Holdster  avbglobosus, 
Rkyjichondla  dvm/idiatay  Rh,  grdsiana,  and  Kingena  lima. 

Bed  A2  (Mr.  Meyer's  11)  contains  many  fossils,  of  which  the 
commoner  are  Trigonia  (several  species),  Discoidea  cylindrica, 
CoUaldia  Beriettice,  Paevdodiadema  omatum,  Neithea  cequicostata 
and  Terebratula  ovata, 

» 

The  lowest  bed  is  Mr.  Meyer's  No,  10,  and  contains  the  charac- 
teristic coral-like  Ceriopora. 
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Summary. 

From  the  above  descriptions  it  will  be  seen  that  between  Sid- 
mouth  and  Branscombe  Mouth  the  Cenomanian  is  natiu^Ily  divisible 
into  three  beds,  and  Mr.  Meyer,  who  worked  from  Sidmouth  east- 
ward, was  perfectly  correct  in  distinguishing  three  separate  beds. 
One  would  certainly  have  supposed  that  they  would  be  equally 
distinguishable  at  Hooken  Cliff  and  Beer  Head,  where  the  group 
attains  its  maximiun  development,  but  this  is  not  the  ease,  for  at 
these  points  there  are  only  two  beds.  To  account  for  this,  three 
suppositions  may  be  made  :  (1)  The  middle  bed  may  have  thinned 
out  and  disappeared,  (2)  it  may  have  become  amalgamated  with 
the  upper  bed,  or  (3)  with  the  lowest  bed. 

In  1874  Mr.  Meyer  thought  he  foimd  it  in  the  lower  part  of  the 
upper  bed,  but  I  cannot  agree  with  that  view ;  the  differences, 
both  faunal  and  lithological,  seem  to  me  considerable^  and  I  regard 
the  whole  of  the  upper  bed  (B)  at  Hooken  simply  as  an  expansion 
of  Mr.  Meyer's  No.  12.  The  Abundance  of  Holaster  svbglobosxis 
seems  to  me  nearly  suffcient  to  settle  the  point. 

On  the  other  hand,  nearly  all  the  fossils  which  occur  in  No.  11 
(A2)  of  the  more  western  sections  have  been  found  in  the  upper 
part  of  the  lower  bed  at  Hooken  and  Beer  Nead.  Ammonites 
Ma/ntdli,  Pecten  asper,  the  large  Limas,  several  Trigonice,  and  the 
peculiar  Holaster  alius  are  common  in  both.  Both  are  fine-grained 
shelly  limestones,  and  we  have  seen  that  in  the  fallen  blocks  below 
Maynard's  Cliff  there  is  a  complete  downward  passage  from  No.  11 
(A2)  into  No.  10  (Al).  Hence  it  seems  to  me  highly  probable  that 
there  is  a  similar  amalgamation  at  Hooken,  and  that  the  18  feet 
of  rock  at  Hooken  which  Mr.  Meyer  referred  to  his  Bed  10  is  really 
equivalent  to  both  10  and  11. 

In  passing  round  Beer  Head  this  combination  of  10  and  11, 
which  I  have  called  Bed  A,  can  be  seen  in  the  process  of  thinning 
till  it  is  condensed  into  a  bed  not  more  than  3  feet  thick.  This 
thinning  is  partly  condensation  and  partly  a  thinning  out  of  its 
lower  portion,  i.e.,  of  the  representative  of  10,  and  nowhere  along 
the  Beer  Cliffs  did  I  see  any  of  the  coral-like  Ceriocava  ramtdosa,  so 
that  it  is  either  absent  or  rare.  Here,  as  elsewhere,  it  is,  in  my 
opinion.  Bed  11  or  the  upper  part  of  A  which  is  most  persistent, 
and  which  has  yielded  by  far  the  larger  number  of  fossils  that  have 
been  collected  from  the  Cenomanian  of  the  Devon  cliffs. 

At  Beer  and  Whitecliff  the  total  thickness  is  in  places  reduced 
to  less  than  2  feet,  and  the  upper  bed  (B)  is  always  thinner  than 
the  lower  bed  (A).  The  composition  of  the  beds  in  the  more  eastern 
cliffs  has  already  been  sufficiently  explained. 
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CHAPTER    XL 
THE    LOWER    CHALK    IN    SOUTH    WILTSHIRE. 

^ 

General  DESCBiFnoN. 

Having  in  the  preceding  chapters  described  the  Lower  Chalk  of 
Dorset  and  Devon,  we  now  take  up  the  formation  again  neai*  Shaftes- 
bury, on  the  borders  of  Dorset  and  Wiltshire,  and  will  follow  its 
outcrop  thence  across  England. 

From  Charlton,  near  Shaftesbury,  the  Lower  Chalk  passes  along 
the  northern  slope  of  the  range  of  hills  which  forms  the  northern 
border  of  Cranborne  Chase,  and  entering  the  Vale  of  Broad  Chalk, 
extends  as  far  as  the  west  end  of  Ebbesborne  Wake,  where  it  passes 
beneath  the  Middle  Chalk.  This,  however,  is  not  its  final  disappear- 
ance, for,  owing  to  a  series  of  dome-shaped  flexures  which  have 
bulged  the  beds  upward,  the  Lower  Chalk  comes  to  the  surface 
again  in  no  less  than  four  8e])arate  inliers  to  the  eastward.  The 
first  of  these  is  a  small  one  south  of  Ebbesborne ;  the  second  is 
much  larger,  and  surrounds  the  inlier  of  Selbornian  Greensand  at 
Bower  Chalk ;  the  third  extends  from  Broad  Chalk  to  Bishopstone, 
but  mainly  on  the  southern  side  of  the  river  Ebble ;  the  fourth  and 
last  is  a  small  tract,  almost  entirely  concealed  by  gravel  and  allu- 
vimn,  by  Combe  Bissett  and  Homington. 

The  manner  in  which  the  Lower  Chalk  is  thus  brought  up  again 
and  again  is  shown  by  the  section  Fig.  36,  which  has  been  drawn 
so  as  to  traverse  three  of  these  inliers.  It  must  be  remembered 
that  the  flexures  shoAvn  in  this  section  are  periclines,  not  axes,  and 
that  sections  drawn  at  right  angles  to  it  would  show  the  beds  dipping 
both  to  the  northward  and  to  the  southward. 

Northward,  indeed,  they  plunge  under  the  bold  ridge  of  Clialk 
Downs  which  runs  from  White  Sheet  Hill  to  Salisbury  Racecourse. 
The  main  outcrop  of  the  Lower  Chalk  passes  round  the  west  end  of 
White  Sheet  Hill,  and  thence  north-eastward  along  the  southern 
side  of  the  Vale  of  Wardour.  Its  outcrop  terminates  eastwards  in 
the  fijie  natural  amphitheatre  of  Hoop  Side,  south  of  Barf ord. 

On  the  northern  side  of  the  Vale  the  outcrop  is  narrower  than 
on  the  southern  side,  partly  because  of  the  higher  dips  and  partly 
because  it  is  in  places  traversed  by  the  fault  which  runs  thi'ough 
Baverstock,  Chilmark,  Hindon,  and  Mere.  Between  Baverstock 
and  Hindon  the  northerly  dips  of  from  15**  to  25°  cause  the 
Upper  Greensand  to  stand  up  as  a  ridge,  while  the  Lower  Chalk, 
yielding  more  readily  to  detritive  agencies,  occupies  a  parallel  longi- 
tudinal depression  or  trough  (see  Fig.  37). 
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From  the  line  of  fault  near  Mere  the  boiindary  of  the  Lower 
Chalk  runs  northward  to  the  hill  called  the  Long  EnoU,  near  Maiden 
Bradley ;  passing  round  this,  it  comes  within  the  influence  of 
Warminster  uplift,  and  runs  eastward  to  Longbridge  Deverill  and 
Heytesbury.  Thence  with  a  northerly  dip  it  passes  to  Warminster 
and  Qey  Hill ;  curving  round  this  it  trends  north-eastward  to 
Westbury,  and  thence  eastward  in  a  fine  escarpment  above  the 
villages  of  Bratton,  Edington,  Earl  Stoke,  and  Cheverell  to  Market 
Lavington. 

With  respect  to  thickness,  near  Shaftesbury  and  Berwick  St. 
John  it  appears  to  be  about  180  feet,  but  on  the  north  side  of  the 
Vale  of  Wardour  it  is  probably  about  200  feet,  and  near  Warminster 
it  appears  to  be  nearly  250  feet,  a  greater  thickness  than  it  attains 
in  any  other  part  of  England. 

In  the  Vale  of  Wardour  the  zone  of  Ammonitea  variana  has 
a  considerable  thickness,  probably  over  100  feet,  but  as  there 
is  no  continuous  section  through  the  Lower  Chalk,  we  cannot 
say  how  far  up  its  fauna  extends. 

The  zone  of  Holaster  avbglobosus  is  probably  from  80  to  90  feet 
thick,  but  that  fossil  seldom  occurs  in  this  district,  while  Am. 
rffaploceros]  Austeni  is  not  uncommon  in  this  massive  part  of  the 
Lower  Chalk  and  might  be  regarded  as  locally  an  index-fossil  to  the 
zone. 

The  thin  band  of  grey  marl,  occasionally  containing  Actvnooamax 
fienus,  occupies  its  usual  position. 

Steatiobaphigal  Details. 
Zone  of  Ammonites  varians. 

Basement  Beck — The  base  of  the  Chalk  is  seldom  exposed  in  this 
district,  and  its  junction  with  the  imderljring  sands  has  only  been 
seen  at  one  or  two  distant  points.  One  of  these  is  in  a  smaU  pit 
south-west  of  the  village  of  Charlton,  near  Shaftesbiu*y ;  this  was 
visited  by  Mr.  Rhodes  in  1894,  and  he  reported  the  section  as  a  poor 
one,  showing  a  little  Chalk  Marl,  passing  down  into  glauconitic 
marl,  with  marly  glauconitic  sand  below.  The  succession  is  appa- 
rently similar  to  that  in  the  quarry  north  of  Melbury  Hill,  which  is 
less  than  two  miles  distant  (see  p.  104).  The  glauconitic  marl  con- 
tains a  few  phosphates  and  some  of  the  usual  fossils.  Am.  [Schl.] 
varia/ns,  SoajJvUes  (Bqualis,  etc.,  and  from  the  glauconitic  sand  Mr. 
Rhodes  obtained  Pecten  asper,  Lima  (new  sp.)  Exogyra  plicata,  and 
C(Uapygu8  cUwmbarius, 

I  did  not  find  any  exposure  of  the  Chloritic  Marl  along  the  south 
side  of  the  Vale  of  Wardour,  east  of  White  Sheet  Hill,  and  the  only 
good  exposure  of  it  on  the  north  side  of  the  Vale  is  in  the  roadway 
through  the  wood  at  Knoyle  Corner,  about  a  mile  east  of  East 
Knoyle.    The  beds  here  seen  are  :— 

4iie.  L 
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ft.  in. 

Hard  chalk  marl  with  (microscopic)  glauconite  grains     -      3  0 
Soft  glauconitic  marl,  with  an  Am,  [Schloenb,]  variana  in 

phosphate  --  08 

Hard  sandy  and  glauconitic  chalk 0  6 

Soft  glauconitic  chalk,  marly  at  top,  very  sandy  below    -    -    2  0 

Hard  glauconitic  sandstone  (see  Vol.  1,  p.  232.)     -        -    2  0 

West  of  Mere  and  opposite  the  opening  of  the  road  to  Oillmgham 
is  a  quarry  that  has  been  worked  for  some  time,  and  exposes  the 
whole  series  of  jimotion  beds,  dipping  at  about  5*"    to  the  east. 
This  section  has  been  carefully  examined  by  Mr.  John  Scanes  of 
Maiden  Bradley,  and  has  been  described  in  a  recent  paper*  from 
which  the  following  accoimt  is  taken  :—  ft  in. 

Surface  soil    -•---.  -.06 

Pale  yellow  chalky  wash  and  rubble    -        -        -       -    4    0 

Hard  compact  chalk  inarl,    becoming  glauconitic 
toward  the  base  -        -        -       -       -        -        ^-30 

Softer  sandy  marl  with  a  few  large  quartz  ^ains  -        -    0    4 
B«  ^  Compact  glauconitic  marl,  forming  a  solid  bed,  with 

large  phosphatic  nodules  and  many  fossils  -        -      *  -    1    8 
Popple  Bed,"  ccdcareous  glauconitic  sand,  full  of  brown- 
coated  calcareous  concretions,  from  1  foot  to  -       -    1    6 
Q    (Hard  calcareous  sandstone  ;   varying  from  2  to  -       -    1    0 
'  \Softer  sands  with  lenticular  masses  of  chert      -       -    6    0 

The  beds  in  bracket  A  belong  to  the  Selbomian,  those  in  the 
bracket  B  we  now  regard  as  belonging  to  the  zone  of  Ammomtes 
varians,  while  C  are  surface  acciunulations. 

The  matrix  of  the  **  popple-bed  "  is  hard,  and  resembles  a  stody 
mortar.  The  ''  popples  "  are  flattish  oval  lumps  of  calcareotis  ^tone 
from  2  to  5  inches  long.  Many  of  the  fossils  are  well  preserved 
and  the  bed  is  clearly  marked  off  both  from  the  underljring  sand 
and  from  the  sandy  marl  above.  This  latter  is  also  hard  and 
compact,  and  though  fossikr  are  abundant  they  are  not  readily 
released  from  the  .matrix. 

The  excellent  section  in  the  quarry  at  Maiden  Bradley  has  been 
given  in  Volume  I.  of  this  Memoir,  and  in  the  paper  above,  men- 
tioned, but  particulars  of  the  beds  which  seem  to  be  referable  to  the 
Cenomanian  may  now  be  given.  These  have  been  noted  by  Mr. 
Scanes,  who  has  repeatedly  examined  the  section,  and  has  collected 
indefatigably  from  each  of  the  beds  disclosed:^  ,  it.  in. 

Surface  soil 20 

''5    Qlauconitic  marl,  with  phosphatised  fossils  and  frag- 
ments of  brown  phosphate,  marly  above,  more 
sandy  below,  the  lowest  6  inches  being  a  coiiipact 
sandy  glauconitic  marl  -       -       *       ---20 
Brownish  glauconitic  sand,  with  a  layer  of  brown  r 
phosphatic  nodules  and  phosphatised  fossila  at  the 

base ^? 

Bed  of  hard  concretions,  locally  known  as  "corn- 
stones^**  embedded  in  brownish-green  sand      -       -10 
^dhor-  [^    Glauconitic  sand,  with  scattered  concretions  of  hard 

"  '  calcareous  stone      -       --       -       -       -       -29 

Chert  Beds,  seen  for  about  -       -         -       -       -       -96 

17    9 


fncinian 


Sdhor-  J  ^ 
wton.  "j 


♦  Quart.  Journ.  Qed.  Soc,  Vol.  IviL.  p.  96,  1901. 
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The  layer  of  *  eornstone "  concretions  (No.  3)  appears  to  be 
on  the  same  honzon  as  the  "  Popple  Bed  "  of  Mere,  and  I  now  regard 
it  as  the  base  of  the  Cenomanian  stage,  but  there  seems  to  have 
lx«h  some  local  current  action  whereby  many  fossils  have  been 
sifted  out  of  the  original  bed  and  accmnulated  in  a  layer  on  the  top 
of  the  "  comstones ;  '*  most  of  them,  however,  are  well  preserved, 
and  not  rolled,  so  that  they  have  not  been  carried  far  from  their 
original  position.  This  layer,  now  the  base  of  No.  4,  may  be  des- 
cribed as  a  phosphatic  conglomerate,  and  is  about  3  inches  thick  ;  it 
passes  up  into  a  fine  brownish  sand  which  is  also  about  3  inches 
and  is  likewise  rich  in  fossils.  The  commonest  fossils  in  this  band 
are:— 


Ammonites  [Hoplites 
Acanth. 


>» 


falcatus. 
navicularis. 
Mantelli. 
'Schloenb.]  varians. 
[      „       ]  Coupei. 
Turrilite9  Morrisi. 
„  Wiesti. 

Xautilus  expansus. 

,» ;       aesloDgchampsianus. 
Avellana  cassis. 
I^eurotomaria  (casts). 


Solarium  bicarinatum. 
„  ornatnTn. 

Ostrea  canaiiculata. 
CucuUsea  mailleana. 
Pecten  asp^r. 

„      robinaldinus. 
Terebratula  biplicata. 
Catopygus  columbarius. 
Holaster  Isevis. 
Discoidea  subuculus. 
Pseudodiadema  Benettiae. 


There  is  no  break  between  beds  4  and  5,  the  latter  being  almost 
a  sand  at  its  base.  Passing  up  this  becomes  a  very  sandy  marl  of  a 
greenish-grey  colour,  which  contains  larger  grains  both  of  quartz 
and  glauconite,  and  this  merges  upward  into  Chloritic  Marl  of  the 
usual  character.  Throughout  the  whole  of  this  2  feet  broken 
fragments  of  dark  brown  phospliate  are  scattered,  with  a  few 
phoisphatic  nodules  and  many  casts  of  fossils  ;  but  with  these  are 
many  foBsils  with  calcareous  shells,which  are  clearly  contemporaneous 
and  not  washed  out  of  older  beds.  The  following  are  some  of  the 
commoner  species  found  in  this  bed : — 


IchthyxKaums  campylodon  (tooth.) 
Ammonites  [Schloenb.]  varians. 
„  L        „      ]  Coupei. 

Turrilites  tuberculatus. 
Scapbites  sequalis. 
Avellana  cassis. 
Emarginula  Gresslyi? 
Inoceramus  latus. 
Lima  globosa 
„     aispera. 


Plicatula  inflata. 
Ostrea  vesicularis. 
Thracia  carinifera. 
Bhynchbnella  grasiana 
Terebratella  pectita. 
Terebratulina  striata. 
Kingena  lima. 
Galerites  castanca. 
Pel  tastes  clathratiis. 
Stauronema  Carteri. 


At  Rye  Hill  Farm,  3  miles  E  .N.E.  of  Maiden  Bradley,  there 
are  two  small  sand  pits,  and  in  1 900  one  of  these  was  deepened 
by  Mr.  Scanes,  in  order  to  get  a  complete  vertical  section 
through  the  beds  at  the  base  of  the  Chalk.  The  succession  was 
then  found  t/)  be  as  foUo^-s : — 


4219. 


L  2 
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tU  in. 

5.    CfUaritic  Mari^  with  phosphatic  nodules  and  fossils    -  2    0 
4a.  Qreenish-grey  glauoonitic  sand,  with  many  fossils  but 

without  phosphates 12 

4.    Soft  yellowish-brown  sand,  with  some  lumps  of  hard 

concreted  sand  and  many  fossils 0    5 

3.    Qreenish  sand,  with  scattered  **  cornstones "      -        -  0    9 
2.    Soft   greenish-grey   sand,  with  scattered   calcareous 

concretions,  few  fossils  ;  seen  for    -  -  -  2    3 

6    7 

Of  these  beds,  No.  3  is  clearly  the  equivalent  of  the  Comstone 
bed  at  Maiden  Bradley,  but  is  lees  disturbed,  and  there  is  much 
more  sand  between  the  stones.  The  overlying  brownish  sand 
corresponds  with  the  similar  layer  at  Maiden  Bradley,  but  there  is 
no  layer  of  phosphatic  nodules  at  its  base.  This  Bed  4  passes  up 
into  4a,  the  change  being  chiefiy  one  of  colour,  but  the  latter  has 
no  counterpart  at  Maiden  Bradley ;  it  is  a  sharp  greenish  sand,  in 
which  casts  of  Am,  [ScMoenbachia]  varians  in  a  pale  yellow 
calcareous  material  occur  plentifully,  with  many  Brachiopods, 
especially  Rhynckondla  grcLsiana,  Rh.  dimidiata,  Terebratvla 
bipHcata,  and  Ter.  arcunta ;  Catopygus  columhariua  is  also 
common.  This  bed  has  hitherto  been  regarded  as  belonging  to 
the  Upper  Greensand,  but  I  am  now  disposed  to  include  it  in  the 
zone  of  Ammonitea  variana,  and  to  take  the  C!omstone  Bed  (both 
here  and  at  Maiden  Bradley)  as  the  base  of  this  zone.  It  was 
probably  from  exposures  of  Beds  4  and  4a  that  most  of  the 
so-called  Warminster  fossils  were  obtained,  and  consequently,  if 
the  above  conclusion  be  adopted,  the  greater  part  of  the  Warminster 
fauna  will  have  to  be  transferred  to  the  Cenomanian.  A  list  of 
these  fossils  has  been  given  in  the  first  volume  of  this  memoir. 

It  would  appear,  therefore,  that  in  this  part  of  Wiltshire  there 
are  beds  below  the  subzone  of  Stauronema  Carteri  which  must  be 
classed  with  the  Chalk  rather  than  with  the  Selbornian.  For  this 
new  subzone  Catopygus  columbarius  may  be  t^ken  as  an  index,  as 
this  fossil  is  very  common  in  these  beds,  and  is  rare  in  the  Chloritic 
Marl  above  them. 

There  is  no  open  exposure  of  these  beds  near  Warminster,  but  in 
1889  I  was  fortunate  enough  to  find  a  large  cess-pit  being  dug  for  a 
new  house  north-west  of  St.  Denys'  Church.  This  was  11  feet 
deep,  and  showed  7  feet  of  glauconitic  marl,  the  lower  part  rather 
hard  and  sandy,  with  many  phosphates,  the  upper  part  more  marly 
with  fewer  phosphates.  The  base  was  not  reached,  so  that  the  total 
thickness  may  be  8  or  9  feet. 

Its  junction  with  the  Greensand  is,  however,  shown  a  Uttle  further 
north  in  a  sand-pit  by  the  side  of  the  road  south  of  Dilton.  There 
is  here  a  complete  passage  down  from  hard  glauconitic  marl  through 
sandy  marl  to  greensand,  in  a  thickness  of  about  3  feet ;  the  marly 
Ijeds  contain  scattered  phosphatic  nodules,  while  the  sand  below 
h*is  none.    Staunmema  Carteri  was  found  in  the  hard  marl.    Th^ 
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road  cutting  south  of  the  pit  shows  several  feet  of  hard  glauconitic 
ohalk,  muoh  reaemUing  mortar^  passing  up  into  softer  chalk  with 
little  glauconite. 

No  exposure  of  the  base  of  the  Chalk  was  seen  at  Westbury,  but 
there  are  several  at  Bratton,  Tinhead,  and  Earlstoke.  Thus  a  road- 
cutting  near  Combe  Farm,  Bratton,  shows  the  following  beds,  for 
the  description  of  which  I  am  indebted  to  Mr.  W.  H.  Bell,  F.G.S. 

ft. 
Bather  hard  light-grey  marlv  chalk,  with  Am.   [SchloenbJ] 

varianSf  softer  and  darker  below 10 

Band  of  harder  chalk 2 

Soft  dark  grey  marl  with  patches  of  green  grains  -       •        -  1 

Glauconitic  marl,  sandy  at  the  base 2 

Greensand  below. 

A  similar  section,  but  exposing  more  of  the  sands  below,  is  exposed 
in  the  quarry  south  of  TiiAead,  the  Chloritic  Marl  being  only  2  feet 
thick  and  containing  only  a  few  scattered  phosphatic  nodules. 
Compared  with  its  development  near  Warminster  it  is  much  reduced 
in  thickness,  and  forms  a  more  distinct  and  separate  bed,  although 
there  is  no  definite  plane  of  separation  at  its  base.  Fossils  also  are 
scarce  in  this  district. 

Chcdk  Marl, — ^A  good  exposure  of  the  alternating  beds  of  soft 
marl  and  hard  chalk  forming  the  upper  part  of  the  Am.  varians 
tone  occurs  in  the  chalk-pits  by  the  side  of  the  road  leading  up 
Buxbury  Hill,  on  the  south  side  of  the  Vale  of  Wardour,  and  is  seen 
in  the  lowest  level  leading  to  the  door  of  the  lime-kiln,  the  descending 
succession  being  as  foUoTi's  :— 

ft.  in. 
Two  courses  of    hard  rough  grey  chalk  separated  by 

loose  marly  chalk 26 

Dark  grey  argillaceous  marl 06 

Loose  grey  marly  chalk -       -13 

Hard  grey  chalk  -       -       -        -      from  9  inches  to      1    6 

Marly  grey  chalk,  weathering  into  loose  fragments,  with 
here  and  there  patches  of  darker  bluish-grey  chalk 

(many  fossils) 14    0 

Very  hard  rocky  grey  chalk,  rising  from  below  the  last 
,'  near  the  entrance    -       -       -       --       -       -       -10 

Dark  grey  tough  marly  chalk    -       -       -       -    seen  for      1    0 

22     3 

These  beds  have  a  southerly  dip  of  4**,  and  contain  many  of  the 
characteristic  fossilsof  the  Chalk  Marl, such  as  Rhjfackondla  Martini, 
Rh.  grcLsioTia,  Lima  globosa,  L.  aspera,  Am.  [Schl.]  varUms,  etc. 

A  quarry  to  the  south-east  of  the  village  of  Fovant  shows  a  similar 
set  of  beds,  which  must  be  at  about  the  same  horizon.  The  upper 
part  of  the  quarry  is  in  firm,  massive  whitish  chalk,  of  which  about 
50  feet  is  seen,  and  below  this  the  following  succession  can  be  made 
out:— 
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m  4  ft. 

Hard  greyish-white  chalk  in  layers,  having  alternately  a 

rough  and  a  smooth  fracture 6 

Layer  of  soft  grey  marl   -        -        *       -       -       -       --O 

Hard  grey  chalk     ---- 3 

Soft  dark  grey  marly  chalk    -       --       -       --       -1 

Dark  grey  sandy  chalk,  with  visible  grains  of  glauconite  (many 

fossds)    -       -       -       - about    15 

Very  hard  light  grey  Umestone I 

Soft  grey  marl  below. 

The  grey  sandy  chalk  is  not  unlike  Totternhoe  Stone,  and  con- 
tains many  of  the  same  fossils,  but  there  are  no  phosphatic  nodnles 
or  fragments  in  it. 

There  are  no  good  exposures  of  this  zone  on  the  north  side  of  the 
Vale  of  Wardour,  nor  are  there  any  worthy  of  special  notice  near 
Mere  or  Maiden  Bradley. 

West  of  Warminster  and  south-east  of  Clay  Hill  Farm  siliceous 
chalk  occurs  in  a  small  pit  about  50  feet  above  ihe  Oreensand.  Mr. 
W.  Hill  has  examined  a  sample  of  it,  and  informs  me  that  it  contains 
much  globular  silica  and  many  sponge  spicules.  It  is  a  firm  biocky 
greyish-white  chalk,  and  about  6  feet  are  exposed.  In  the  cart- 
track  which  passes  by  the  pit  six  layers  of  hard  chalk  are  seen,  thnto 
above  and  three  below  the  siliceous  chalk,  and  one  of  these  is 
also  siliceous. 

The  lower  beds  are  exposed  in  the  railway  cutting  near  Upton 
Scudamore.  They  consist  of  soft  grey  marly  chalk  in  courses  3  gc 
4  feet  thick,  alternating  with  layers  of  hard  grey  chalk.  These 
beds  contain  Am.  [Schloenb.]  varians,  Am.  [Acanth.]  MarUdli,  Ttir- 
rilites  sch^fuchzerianus,  and  other  characteristic  fossils.  They  dip 
gently  southward,  and  south  of  the  bridge  some  higher  beds  come 
in,  which  include  a  band  of  rather  soft  brownish-grey  chalk,  about 
4  feet  thick,  which  has  much  resemblance  to  Totternhoe  Stone, 
but  is  too  low  in  the  zone  to  be  its  representative. 

Some  of  the  higher  beds  are  visible  at  the  bottom  of  the  road 
leading  to  Upton  Cow  Down.  These  are  about  100  feet  above 
the  Chloritic  Marl,  and  consist  of  firm  blocky  chalk,  with  four 
com^ses  of  hard  greyish-white  chalk,  which  stand  out  as  steps  or 
ledges  on  each  aide  of  the  cart-track. 

The  greater  part  of  the  Lower  Chalk  is  well  exposed  in  the  road 
cutting  south  of  Tinhead,  between  Lavington  and  Westbury.  I 
did  not  visit  this  section  myself,  and  am  indebted  to  my  friend 
the  Rev.  W.  R.  Andrews  for  the  foUowing  account.  The  thicknesses 
are  eye-estimates  only,  and  the  higher  beds  are  not  so  clearly  seen 
as  the  lower.    The  outcrop  of  the  Melbourn  Rock  is  not  exposed  :  — 

ft. 
Soft  light  grey  chalk .-    about    60 


flj      o  ,  Course  of  very  hard  chalk  -        -        -        -       -*       „  1 

o  "^  J  I  Soft  light  grey  chalk  -  -       -       -       -       „       60 

bQ^  ^iCourse  of  very  har4  chalk         -       n       -        -       „  \ 
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I 


'  Soft  grey  chalk  - 


Firm  greyish  Uocky  chalk  with  siliceous 
nodules,  in  beds  divided  by  soft  grey  chalk    - 

Hard  grey  chalk 

Finn  greyish  chalk  in  Uue-hearted  blocky 
courses,  with  marly  layers  between    - 

Hard  grey  chalk     -       -       -  -       - 

Firm  Uocky  grey  chalk,  like  that  above  - 

Hard  grey  chalk 

¥lrm  Uocky  grey  chalk,  as  before  - 

Soft  marly  chalk 

Bedded  chalk  marl  (seen  in  quarry)  - 

CUoritic  marl  (see  p.  151.)     - 


-    about 


ft. 
2 

20 
1 

30 
1 

10 
1 

40 

20 

10 
2 

239 


Mr.  Andrews  obtained  a  good  specimen  of  Inoceraan/u8  cimei- 
formis  from  one  of  the  harder  beds  in  the  zone  of  Am.  variana. 

Zone  of  Holaster  subglobosas. 

Hie  higber  part  of  the  Lower  C!halk  is  exposed  in  seveml  quarries 
and  road  cuttings  in  the  southern  part  of  the  district.  The  principal 
of  these  are  the  following  :  — 

The  quarry  at  Gann,  south-east  of  Shaftesbury,  has  already  been 
mentioned. 

A  large  quarry  on  the  western  slope  of  White  Sheet  Hill,  about 
four  miles  north-west  of  Shaftesbury,  shows  70  or  80  feet  of 
grejosh-white  blocky  chalk,  from  which  Mr.  Rhodes  obtained 
Am.  [Haploceras]  AtLsteni,  Am.  [AcaiUh.]  rotoTnagensis,  NaxUilus 
dedongdiampaiantia,  and  a  few  other  fossils. 

By  the  road  leading  up  to  Buxbury  Hill  there  are  two  excava- 
tions in  the  higher  part  of  the  Lower  Chalk.  The  first  of  these  is 
in  the  quarry  above  the  exposure  by  the  limekiln  previously  men- 
tioned. This  shows  about  25  feet  of  firm  blocky  greyish-white 
chalk,  breaking  as  usual  along  more  or  less  curved  surfaces,  so  that 
the  real  planes  of  bedding  are  obscured.  The  following  fossils 
occurred:  Am.  [Acanth.]  rotomagensis,  Inoceramus  sp,,  Ostrea. 
UUendis,  Pecten,  Beaveri,  Terebratula  semiglobosa,  and  Mr.  Rhodes 
subsequently  found  Am.  [Acanth.]  Mantdli,  Am.  [Hapl.]  Aust^ni 
(a  fragment),  Ostrea  vesictdaris,  and  Pecten  orbicularis.  These 
species  and  the  absence  of  Am.  [Schloenb.]  varians  incline  me  to 
place  these  beds  in  the  higher  zone.  If  this  is  correct  the  floor  of 
the  quarry  nearly  coincides  with  the  transition  from  one  zone  to 
the  other. 

On  the  other  side  of  the  road,  and  at  a  Uttle  higher  level,  there  is 
a  aeoond  quarry,  showing  the  following  beds : — 

ft. 

Compact  white  chalk,  weathering  into  courses  with  looser 
y         chalk  between  them     -.-«.-.      5 
,       Rather  rough  greyish-white  chalk  -  7        r        ?        -      6 

Ifarlv  parting. 
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ft. 
Hard  greyish  chalk,  with  indefinite  bands  of  very  hard  nodular 

grey  chalk    -       -       -       - 8 

Massive  compact  blocky  chalk,  parting  along  curved  surfaces, 

seen  for      7 

26 

The  lowest  blocky  chalk  is  evidently  a  continuation  of  that  in 
the  other  quarry.  The  nodular  beds  contain  Ammonites  (?  Atisteai) 
and  A.  srissexensis).  They  show  a  dip  of  6""  or  7^  to  the  south-east. 
The  Belemnite  marls  cross  the  road  about  100  yards  further  up, 
and  from  them  Mr.  Rhodes  got  three  specimens  of  the  character- 
istic Adinocamax, 

On  the  north  side  of  the  Vale  of  Wardour,  and  north  of 
the  hamlet  of  Bidge,  a  quarry  by  Pitohpenny  Qmnp  shows 
the  Melboum  Bock  resting  on  a  layer  of  grey  marl,  with 
greyish  chalk  below,  but  the  rest  of  the  section  was  obsciired  by 
talus  when  visited  in  1890. 

A  similar  section  is  exposed  in  a  chalk-pit  about  a  mile  north-east 
of  Dinton,  grey  blocky  chalk  succeeded  by  a  broken  layer  of  grey 
marl  passing  below  the  Melboum  Rock,  which  dips  north  at  about 
20^ 

No  good  exposures  of  these  beds  were  seen  near  Warminster,  but 
whitish  blocky  chalk  is  shown  near  the  limekiln  north  of  the  town, 
and  cannot  be  far  below  the  Melboum  Rock. 

The  road  section  near  Tinhead  has  been  already  given. 


LOWKB  CHALK— NORTH  -WILTSHIBE.  165 


CHATTER    XII. 
THE    LOWER    CHALK    IN    NORTH    WILTSHIRE. 

Genicbal  Dbscriptiok. 

a 

The  Lower  Chalk  of  the  Vale  of  Pewsey  is  a  continuation  of  that 
between  Weetbiury  and  Lavington.  Ite  outcrop  passes  from  Laving- 
ton  north-eastwards  to  Urchfont,  and  then  eastwards  along  the 
southern  side  of  the  Vale  of  Pewsey,  entering  the  valley  of  the  Avon 
as  far  as  ChisenbiU7  and  the  Collingbourn  valley  as  far  as  Colling- 
bourn  Kingston.  From  Tidcombe,  at  the  head  of  the  Vale,  the 
outorop  oiu^vee  to  the  north-west,  and  becomes  much  narrower  in 
ooDsequence  of  the  steeper  inclination  of  the  beds,  which  continues 
as  far  as  Hewish.  West  of  that  the  arch  of  the  anticline  is  much 
flattened,  and  the  Lower  Chalk  spreads  out  more  over  the  Selbor- 
nian  by  tiie  Altons  and  the  Cannings.  There  are,  moreover,  outliers 
still  remaining  on  the  Selbornian  area  at  Woodborough,  Etchil- 
hampton,  and  near  Potterne. 

The  main  outcrop  passes  below  Roundway  Hill,  near  Devizes, 
and  thence  northward  above  Heddington  and  Calstone  to  Cherhill, 
east  of  Calne.  Beyond  this  the  Lower  Chalk  forms  a  separate 
escarpment,  and  its  higher  beds  occupy  a  considerable  portion  of 
the  plateau  which  intervenes  between  this  escarpment  and  that 
formed  by  the  Chalk  Rock  and  higher  part  of  the  Middle  Chalk. 

These  featmres  continue  as  far  as  Chiseldon,  but  beyond  that  the 
two  escarpments  come  nearer  together  and  the  width  of  the  ground 
occupied  by  the  Lower  Chalk  becomes  narrower. 

The  thickness  of  the  Lower  Chalk  is  probably  about  240  feet 
throughout  the  whole  area,  this  figure  being  arrived  at  from  the 
levels  on  the  six-inch  maps  at  several  places  where  the  top  and 
bottom  of  the  formation  are  within  a  short  distance  of  one  another 
and  the  dip  is  slight. 

There  are  no  complete  continuous  sections  through  the  Lower 
Chalk  in  this  area,  and,  so  far  as  we  know,  it  has  not  been  very  dili- 
gently searched  for  fossils,  so  that  the  upper  limit  of  the  Ammo- 
wUes  vwria/ns  zone  has  not  been  determined. 

There  is  very  little  marly  chalk  in  the  zone  of  Am.  varians,  most 
of  this  zone  consisting  of  blocky  chalk,  with  occasional  harder  beds 
of  grey  obalk.  It  includes  beds  of  whitish  siliceous  chalk,  much  of 
the  siUoeous  matter  consisting  of  sponge  spicules  and  minute  globules 
of  colloid  fliliea,  the  proportion  of  such  edlica  sometimes  amounting 
to  ovor  20  per  cent,  of  the  mass.  This  siliceous  chalk  often  contains 
lumps  of  bluish-grey  siliceous  stone,  which  may  be  regarded  aa 
piaiM  which  have  npt  b^eii  oompletely  silicified. 
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These  immature  flints  were  first  found  in  a  lane  south-east  of 
Eastoott,  and  were  described  by  Mr.  Hill  and  myself  in  1889.* 

The  following  description  is  taken  from  the  account  there  given  : 
**  One  of  the  beds  contains  many  definite  siliceous  concretions  of 
irregular  shapes,  comparable  to  nodules  of  flint  or  chert,  but 
unlike  such  nodules  in  being  so  closely  united  with  the  surrounding 
matrix  that  they  are  not  readily  separated  from  it.  They  are  very 
hard ;  when  broken  they  are  seen  to  be  of  a  yellowish  or  bluish-grey 
colour,  with  a  dull  earthy  fracture  which  is  quite  different  from 
that  of  flint.  Examined  with  a  lens,  the  fractured  surface  is  seen 
to  be  rough  and  granular,  and  has  somewhat  the  appearance  of  a 
pi^  of  grey  cha&  which  has  been  hardened  by  an  infiltration  of 
gtim  or  oement." 

STBATIGBAPmCSAL  DETAILS. 

Zone  of  Ammonites  varians. 

Chloritic  Marl. — The  basement  bed  of  the  Chalk  is  well  ex 
posed  at  several  localities  in  this  district.  It  is  generally  a  bed  full 
of  phoephatic  nodules  and  fossils,  and  the  occurrence  of  Staurch 
nema  Carteri  proves  it  to  be  the  continuation  of  the  subzone 
characterised  by  that  species.  Only  in  one  locality  (Urchfont)  has 
any  bed  been  observed  that  might  be  compared  with  thiB  subzone 
ol  Caiopygus  cclurnbarius  at  Maiden  Bradley.  In  most  placed 
north  of  the  Yale  of  Pewsey  there  are  signs  of  erosion  at  the  base 
of  the  Stauronema  zone. 

One  of  the  best  exposures  is  that  in  the  lane  south  of  Urchfont 

where  the  following  succession  was  seen  in  1888  :— 

ft.  in. 
.  TLight^^loured  glauconitic  marl,  with  phosphatic  nodules 
^  I     passing  down  into  very  sandy  marl,  highly  glauco- 
g  I     nitic,  with  many  phosphates     -       -       -       *       -    6    0 
I  Thin  continuous  layer  of  phoephatic  nodules. 

Id  ( Qreensand,    somewhat    marly,    with  scattered   phos* 
S  )     phates  and  Pecten  asper^  passing  into  next  -       -       -    0    6 

2  \  Hard  glauconitic  sandstone,  with  Pecten  asper  -10 

O  ( Oreenish-grey  sand,  with  doggers  of  sandstone    -       -    5    0 

The  Selbornian  part  of  this  section  has  been  described  in  a  pre- 
ceding volume.  There  is  really  a  complete  passage  here  from  Green- 
sand  to  Chalk,  and  though  the  above  grouping  represents  my  im- 
pression at  the  time  it  is  possible  that,  the  six  inches  of  green  sand 
above  the  sandstone  represents  the  Rye  Hill  sand.  Fossils  are 
abundant  in  the  overl3ring  Chloritic  Marl,  and  a  list  of  those 
obtained  in  two  home's  search  is  given  on  p.  163. 

The  jimction  is  seen  again  in  the  railway-cutting  at  Stert,  but 
though  this  is  less  than  two  miles  distant  the  beds  have  changed 
ooBsiderably,  ior  at  Stert  the  sands  pass  up  into  marly  sand,  and 
this  beoomeB  gradually  harder  and  more  marly,  becoming  a  glau- 

^  Quart.  Journ.  Qeol.  Soc.»  Vol.  idv.  p.  40S*.. 
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oonitic  marl  or  chalk  with  scattered  phoephatic  nodules ;  but  of 
this  there  is  only  about  12  inches,  and  both  the  phosphates  and 
fossils  are  much  less  abundant.  .  . 

Mr.  W.  Cunnington,  who  formerly  resided  at  Devizes,  informed 
me  that  he  obtained  many  fossils  and  phosphatic  casts  from  a  spot 
near  the  enclosed  garden  in  Roundway  Fark.  These  fossils  are  now 
in  the  Museum  of  Practical  Geology,  and  a  list  of  them  is  given 
on  p.  163.  It  would  appear  that  there  must  be  a  small  patch  of 
Chloritic  Marl  here  resting  on  the  plat^eau  of  the  Upper  Greensand. 

Another  good  exposure  occurs  on  the  road  from  Calne  to  Devizes, 
about  half  a  mile  west  of  Calstone.  Here  the  Selbomian  sands  are 
directly  succeeded  by  hard  glauconitic  marl,  the  base  of  which  is 
piped  into  the  sand.  This  glauconitic  marl  forms  a  solid  bed  2^  feet 
thick,  and  is  crowded  with  phosphatic  nodules  and  fosses ;  above 
comes  a  second  bed  with  fewer  phosphates  and  less  glauconite, 
which  is  about  a  foot  thick,  but  passes  up  into  Chalk  Marl  wiih 
still  fewer  green  grains.  Pecten  asper  occurs  in  the  lower  bed,  but 
the  shell  is  phoephatised  and  brittle.  Terebratvla  biplicata,  Tere- 
brcUvlina  striata,  Rhynchatidla  grasiaiia,  Pecten  {Neitkea)  quinquSr- 
costaius,  and  Plicattda  inflata  occur  with  perfect  calcareous  shells. 

The  glauconitic  base  of  the  Chalk  is  seen  at  Highway  and  Qeve- 
ancy,  and  still  better  in  the  cutting  north  of  Chiseldon,  on  the 
Swindon  and  Marlborough  Railway.  My  colleague  Mr.  Be^nett 
furnishes  the  following  note  of  this  section :—"  At  the  north  end  of 
the  cutting,  and  overlying  some  25  feet  of  Greensand,  the  phos- 
phatic bed  is  seen  dipping  at  about  7"  southward.  It  is  about  2  feet 
thick,  the  lower  foot  dark  green  with  many  phosphatic  nodules ; 
both  green  grains  and  nodules  diminish  in  number  upwards.  Its 
base  is  marked  by  a  line  of  reddish  rusty  material,  probably  from 
the  decomposition  of  iron-p>Tites.'' 

Chalk  of  the  Ammonites  variant  Zone. — Along  the  southern 
side  of  the  Vale  of  Pewsey  many  of  the  deep-cut  lanes  which 
ascend  the  slope  of  the  Chalk  hills  exhibit  more  or  less  continuous 
sections  of  the  Lower  Chalk. 

The  lowest  beds,  immediately  above  the  Chloritic  Marl,  are  well 
exposed  in  the  lane  south  of  TTrchfont,  and  consist  of  marly  chalk 
with  Am.  [Schl^  varians  and  Am,  [Acanth.]  MarUdli,  tod  higher 
up  of  whitish  blocky  chalk. 

The  higher  beds  are  also  well  shown  in  a  lane  ascending  the  escarp- 
ment south-east  of  Kastcott,  and  were  described  by  Mr.  Hill  aiid 
myself  in  1889.*  The  lowest  exposure  here  is  between  120  and  130 
feet  above  the  base  of  the  Chalk,  and  is  a  small  excavation  shoiiving 
abiiUt  10  feet  of  whitish,  flaggy  chalk,  which  proved  to  contain 
much  globular  colloid  silica.  It  also  contains  many  of  the  siliceous 
nodules  already  mentioned,  these  occurring  in  a  band  of  from  12 
to  18  inches  in  depth.  At  the  top  the  chalk  is  greyish  and  harder, 
but  still  siliceous. 

*  Quart.  Journ.  Geol.  Soc.,  VoL  xiv.  p^  405. 
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About  20  feet  above  this  siliceous  chalk  a  bed  of  very  hard,  com- 
pact, and  heavy  grey  chalk,  about  18  inches  thick,  crosses  the  road- 
way. Some  40  feet  higher  is  another  conspicuous  bed,  grey,  but 
not  quite  so  hard,  3  feet  thick  ;  this  has  some  resemblance  to  Tot- 
temhoe  Stone  and  examination  with  a  microscope  showed  that  it 
contained  much  glauconite  and  many  fragments  of  silicified  Ino- 
ceramus  shell,  but  we  do  not  consider  it  to  be  on  the  same  horizon. 
A  third  hard  bed,  whitish  and  compact,  occurs  still  higher,  about 
half  way  between  the  last  and  the  Melbourn  Rock.  The  descend- 
ing section  is  therefore  as  follows  :— 

ft. 
Melbourn  Bock  at  level  of  about  570  feet. 

.  jt  /Whitish    chalk 20 

Hard  compact  white  chalky  limestone  ....  2 

Whitish    chalk       - -       -  20 

Rather  hard  grey  gritty  chalk 3 

Greyish-white  chalk 40 

.Very  hard,  compact  and  heavy  grey  chalk  -       •        •  li 

^Greyish- white  chalk 20 

Rather  hard  greyish  chalk -li 

•M  Q  i  Soft  whitish  siliceous  chalk 4 

o  I S  Siliceous  chalk  with  concretions  -  -  -  -  H 
§  S  Soft  whitish  siliceous  chalk  -  ;  -  -  -  seen  for  8^ 
^      I  Chalk  and  chalk  marl  (not  seen)       -       -       about  123 


it 


J4  •• 


Total  244 

Near  the  eastern  end  of  the  Vale  of  Pewsey  the  Low^er  Chalk  is 
exposed  in  several  of  the  cuttings  on  the  Swindon  and  Andover 
Railway.  The  following  notes  on  these  are  furnished  by  Mr.  F.  J. 
Bennett :— The  first  cutting,  about  a  mile  S.S.W.  of  West  Grafton, 
shows  grey  marly  chalk  with  a  kind  of  conchoidal  fracture  overlain  by 
hard,  grey,  gritty  chalk  which  dips  southward  at  about  3**.  The  next 
cutting,  about  a  third  of  a  mile  to  the  south,  shows  about  8  feet  of 
hard,  grey,  gritty  chalk  weathering  in  a  flaggy  manner.  A  third 
cutting,  about  the  same  distance  farther  south  and  a  little  north 
of  ColUngbom-ne  Kingston,  is  about  9  feet  deep  in  soft  greyish  chalk. 
In  the  trackway  leading  to  East  Grafton,  and  about  a  mile  east  of 
the  first  cutting,  hard  siliceous  chalk  was  seen,  containing  blue- 
hearted  siliceous  concretions,  and  similar  chalk  was  seen  in  the 
high  road  west  of  Wexcombe  Church. 

Mr.  T.  Codrington,  describing  the  cuttings  on  the  Marlborough 
Railway  in  1865,*  states  that  in  the  cutting  ''at  Lye  Lane  there 
is  a  good  section  through  part  of  the  Lower  Chalk,  here  consisting 
of  hard,  thick-bedded  stone,  dipping  north  at  8**."  In  this  he  foimd 
the  following  fossils  :—/noceramii8  IcUus,  Pecten  Beaveriy  Peden 
(NeHhea)  quiriquecostiitus,  Rhynchxyndla  Gibbsi  [?  grasiarui],  4m. 
[ScU.]  varians,  Am,  [Acanth.]  Mantdli,  TurrUites  tuberctdatm,  and 
Sharks'  teeth. 

•  Mag.  Wilt«.  Arch,  and  Nat.  Hist.  Soc.,  Vol.  ix.  p.  167. 
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Another  place  where  several  small  but  successive  sections  in  the 
Lower  Chalk  may  be  seen  is  Bidgeway  Lane,  north  of  Alton  Priors.  * 
The  lowest  of  these,  about  50  feet  above  the  base,  is  in  ordinary 
Chalk  Marl,  full  of  minute  grains  of  glauconite,  and  many  shells 
of  Inocerawas  latuSy  d'Orb.  The  second  is  20  feet  higher,  and  shows 
a  bed  of  hard  grey  chalk  with  less  glauconite ;  this  has  the  aspect 
presented  by  the  hard  beds  which  consist  principally  of  comminuted 
shell  fragments.  The  third  exposure  is  about  10  feet  higher  and 
shows  soft,  blocky,  grey  chalk  containing  both  glauconite  and  white 
mica  in  small  flakes.  About  70  feet  higher,  i.e.,  about  150  feet 
above  the  base,  is  gi^eyish-white  clialk  containing  siliceous  nodules 
and  concretions  of  a  bluish-grey  colour,  like  those  found  at  Eastcott 
and  Collingbourn. 

SiUceous  chalk,  but  without  concretions,  was  also  seen  in  a  small 
excavation  north  of  Allington  at  about  the  500  feet  contour. 

A  good  section  of  the  lower  50  or  60  feet  of  the  Chalk  Marl  is 
seen  in  a  chalk  pit  east  of  Compton  Bassett  and  along  the  neigh- 
bouring roadway.  The  bank  east  of  the  quarry  shows  15  or  16  feet 
of  soft,  grey  marly  chalk,  which  is  very  argillaceous  at  the  base,  and 
the  Chloritic  Marl  crops  out  just  below.  At  the  top  of  the  bank 
is  about  6  feet  of  firm  blocky  chalk,  and  12  or  14  feet  of  similar 
chalk  are  exposed  in  the  quarry  face ;  this  blocky  chalk  is  full  of 
minute  grains  of  glauconite.  Southward  in  the  roadway  several 
courses  of  much  harder  chalk  weather  out  in  distinct  ledges,  and 
microscopic  examination  of  these  showed  them  to  contain  much 
colloid  silica  in  minute  globules. 

The  roadway  ascending  the^  hill  south  of  Clifif  Pypard  traverses 
the  lower  part  of  this  zone,  but  the  original  section  is  now  much 
talused  and  obscured.  Judging  from  specimens,  which  I  owe  to 
the  kindness  of  the  Rev.  E.  H.  Goddard,  of  Clifif  Pypard,  and 
from  information  supplied  by  him,  there  do  not  appear  to  be  any 
hard  beds  here  like  those  of  Compton  Baraett,  all  the  chalk  seen 
being  greyish-white  and  blocky,  but  the  highest  part  weathers 
into  small  flaggy  slabs.  Near  the  bottom  of  the  main  cutting, 
and  just  below  the  contour-line  of  600  feet,  the  chalk  is  greyer  and 
rather  harder,  and  examination  shows  it  to  be  full  of  small 
glauconite-grains ;  this  probably  marks  the  beginning  of  the 
passage  into  Chloritic  Marl,  and,  though  chalk  extends  much 
farther  down  the  slope,  it  is  probably  in  masses  which  have 
slipped  from  their  original  position.  Mr.  E.  Meyriok  and  the 
members  of  the  Marlborough  Natural  History  Society  obtained 
fossils  from  this  cutting  and  sent  them  to  me  for  determination 
(see  list  on  p.  163). 

Mr.  F.  J.  Bennett  informs  me  that  on  the  top  of  the  hill  over 
looking  Broad  Town,  and  by  the  side  of  the  high  road  leading  north- 
ward, are  two  quarries  in  the  Lower  Chalk  about  60  feet  above  its 
base.    The  first  shows  about  10  feet  of  grey  flaggy  chalk  ;  the  seoond 
shows  the  following  section  :— 

*  For  the  specimens  and  measurements  of  this  section  I  am  indebted 
to  my  colleague,  Mr.  F.  J.  Bennett. 


160  THK  CRKTACEOTTS  ROCKS  OF  BRITAIN. 

ft. 

''    Cfrey  flaggy  chalk    -       - 3 

Grey  marly  chalk,  weathering  into  baUs  ^       -       -  -    li 

'Grey  flaggy  chalk    -       ...       -       .       -  -    2 

.,.  ..iMarly  chalk -       -1 

^  Grey  chalk  with  curvilinear  jointing         -       -       -       -       -    2 
Massive  grey  blocky  chalk,  seen  for  -  -       -       -       -    4 

~He  obtained  Am.  [Acani/i.J  cerumwrUmsiSy  NaviUus  elegatiSy  and 
tAmcL  dongdta  from  the  quarries. 

"^  'SimiWr  'chalk  is  exposed  in  the  roads  leading  down  the  escarp- 
ment to  Bassett  Down  House  and  to  Lower  Quidhampton. 
'A  well  sunk  in  1901  at  the  farmstead  on  Bassett  Down,  belong- 
ing to  Mr.  N.  S.  Maskelyne,  traversed  a  large  part  of  the  zone  of 
'Am.variam;^  and  most  of  the  underlying  malmstone.  I  am  indebted 
to  the  contractor,  Mr.  J.  W.  Titt  of  Warminster,  for  particulars  and 
'fbi*'  samples  of  the  beds  traversed,  from  which  information  and 
from  not^  taken  by  Mr  J.  Scanes   the  following  accoimt  has 

'b^eri'drawn  up. 

ft. 

/    Alternations  of  hard  and  soft  grey  chalk  -        -        •        -  '89 

Tough  ffrey  chalk,  apparently  without  hard  beds      -        -  30 
Bather  hard  grey  chalk  containing  pieces  of  Inoceramf^B 

latus^  Am,  [Schl,'\  varians  sua  Nautilus  eUgans         -  20 

Hard  blmsh-grey  chalk  with  Inoc,  latus  and  Am,  ifarUin^  10 

Bhush-ffrey  marlv  chalk  with  Am^  varians        -        -        -  17 

Mottled  grey  and  bufl*  chalk-marl  with  Am,  t^arunu  and  3 

Turrtlties  Bergeri -        -  5 

Hard  grey  sandy  chalk  with  some  glauconite  grains  -        -  1 J 
Dark   grey  sandy  glauconitic  chalk  with  blackish  phos- 

phatic  nodules  (Chloritic  Marl)  -        -        -        -        -  0| 


M 

6- 

% 


{ 


g  /  pnanc  noauies  ^uniontic  Man;  -       -       -       -       -     u 

•g  Grey  fine-grained  micaceous  sandstone  with  some  softer 

'  §•/ '  bands-       -        -        - 17 

1 


bands 

Gter  micaceous  malmstone,  partly  hard  and  partly  soft  •    23 
Dark  grey  malmstone  and  sandy  marl      -        -        -        -    II 


.1,.  iv 
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*  The  lower  part  of  the  zone  is  well  exposed  in  the  cuttings  near 
ChiBfdddii  Station,  and  the  following  account  has  been  written 
from  liotes  furnished  by  my  colleague,  Mr.  F.  J.  Bennett. 

''In  the  middle  of  the  cutting  north  of  Chiseldon  Station  about 
40  feet  of  Chalk  Marl  is  exposed.  It  consists  of  alternating  soft 
and  hard  beds  :  the  soft  beds  are  the  thickest,  and  consist  of  marlv 
bh^alk,  weathering  into  spherical  lumps  and  traversed  by  obUque 
cid*vilinear  joints  or  planes  of  separation ;  the  hard  beds  consist  of 
cbmpact  greyish  chalk,  are  seldom  more  than  8  inches  thick,  but 
ertand  out  as  ledges  along  the  face  of  the  cutting. 

"In  the  cutting  south  of  Chiseldon  Station  the  first  chalk  seen 
is  firm,  jointed,  and  bedded,  but  about  half-way  toward  the  first 
bridge  a  bed  of  hard  grey,  gritty  chalk,  full  of  small  glauconite  grains, 
comes^  in,  and  dips  southward  at  about  3**.  This  bed  has  a  remark- 
able structure  containing  much  fine  angular  quartz-sand  and 
much  globular  colloid  silica.  Similar  beds  come  in  further  south, 
and  at  the  bridge  by  Bush  House,  where  the  cutting  is  about  1 0 
feet  deep,  there  are  three  beds  of  hard,  grey,  gritty  chalk,  eacH 
about  6  inches  thick    with  softer  ohalk  between." 


LOWER  CHALK — NORTH  WILTSHIRE. 


1&1 


»■ ■ ■        '      •  . 


;    .' 


p4 

m 

B 

ai 

» 

fl 

s. 

9 


b4 

4 


a 
S 

a 


pq 


^3 

CQ 

O 


TT777 


i 


-H- 


i    I  i 


a 


PQ 

s 

o 


a 
o 


fl 

OS 


1. 


00 

o 


fl  *^ 


o 

-g 

I 


162  fBJt  CttEtAC«OUS  iiOCKB  OF  BttttAUf.  ' 

2.    Zone  of  Holaster  sabglobosns. 

The  higher  part  of  the  LowSr  Chalk,  or  that  which  represents  the 
zone  of  Holaster  svbglobosus,  presents  an  unusual  aspect  in  this  part 
of  Wiltshire.  The  beds  of  compact  whitish  chalk,  of  which  it  usually 
consists,  are  here  divided  by  layers  or  courses  of  hard,  greyish, 
gritty  chalk,  which  weather  out  conspicuously  on  account  of  their 
hardness ;  moreover,  a  strong  lens  reveals  the  fact  that  they  con- 
tain dark  green  or  black  grains  of  glauconite,  a  mineral  which  is 
seldom  seen  elsewhere  at  so  high  an  horizon.  There  are  sometimes 
three  or  foiu*  such  coiu*ses  of  hard  chalk,  varying  in  thickness  from 
1}  to  3  feet.  At  the  top  of  this  chalk  the  Belemnite  marl  or  sub- 
zone  of  Actmocamax  plenus  is  probably  always  present,  though  it 
is  not  often  exposed. 

The  exposure  of  these  higher  beds  in  the  lane  above  Eastcott  has 
been  described  on  p.  158.  Some  of  them  can  also  be  seen  in  the  lane 
south  of  Urchf ont. 

The  chalk  in  the  cutting  on  the  railway  a  Uttle  north  of 
Collingbourn  Kingston,  may  be  in  this  zone  (see  p.  158). 

On  the  north  side  of  the  Vale  the  higher  beds  are  well  shown 
in  the  roadway  north  of  Allington.  A  succession  of  hard  beds, 
five  or  six  of  them,  cross  the  road,  and  form  a  set  of  steps  or  ridges. 
One  about  80  feet  below  the  Melboum  Bock  is  a  hard  grey  siliceous 
chalk,  containing  much  globular  siUca,  and  this  may  be  taken  as 
the  top  of  the  Am.  varians  zone.  About  40  feet  higher  is  a  very 
gritty  limestone,  compact  and  heavy,  with  small  grains  of  dark 
green  glauconite ;  its  grittiness  being  caused  by  minute  fragments 
of  Inoceramus  shell,  many  of  which  are  siUcified.* 

List  of  Fossils  from  the  CHLOBnic  Marl  and  Lower  Chalk 

OF  North  Wilts. 

The  following  lists  of  fossils  have  been  drawn  up  from  several 
sources.  As  regards  the  Chloritic  Marl,  the  entries  under  the  heads 
of  Urchf  ont,  Stert,  and  Calstone  are  those  (rf  fossils  obtained  and 
identified  by  myself ;  those  from  Devizes  were  obtained  by  Mr.  W. 
Cunnington,  and  are  now  in  the  Museum  of  the  Geological  Survey  ; 
those  from  Chiseldon  are  in  the  Museum  of  the  Marlborough  College 
Nat.  Hist.  Society. 

Of  the  Chalk  Marl  lists,  that  from  Savernake  includes  those 
mentioned  by  Mr.  Codrington;  those  from  Clyffe  Pypard, 
BincknoU,  and  Chiseldon  are  from  collections  made  by  the  mem-, 
bers  of  the  Marlborough  Coll.  Nat.  Hist.  Soc.,  published  in  the 
Beports  for  1889,  1897  and  1901 ;  most  of  these  fossiils  were  sent 
to  me  for  identification. 


See  Quart.  Journ.  Qeol.  Soc.,  Vol   xlv.  p.  411. 
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CHAPTER  XUl. 


THE  LOWER  CHALK  IN  BEUKSHIRE. 


General  nESCRiPTiON. 


In  the  wescern  pvrt  of  Berkshire  the  TiOwer  Chalk  is  probabh' 
about  as  thick  as  it  Ls  in  ilie  adjoiniujr  jwirt  of  Wiltshire,  iiamely, 
240  feet,  but  in  the  north-eiistern  put  near  the  river  Thames  its 
thickness  has  Ijeen  calculated  at  not  more  than  220  feet. 

It  is  in  this  countv  that  the  Totternhoe  Stone  make**  its  first 
appeamnce  as  a  recognisable  l)e(l,  but  it  has  not  yet  l)een  identified 
further  west  than  the  village  of  Chilton.  The  stratigraphical  im- 
jiprtance  of  tliLs  bed  is  that  it  occura  just  at  the  horizon  where  Am- 
monite^  varians  die«  out,  and  so  enables  us  to  draw  a  line  Ijetween 
the  zones  of  Am.  varians  and  Holaster  subgU)l)osns, 

Thus  in  the  northern  part  of  Iferkshire  the  succession  and  rela- 
tiv^e  thicknesses  of  the  beds  are  as  follow  :  — 

ft. 
5.  Grey  Marls  with  a  bed  of  white  chalk  -        -        -  2-3 

4.  White  and  grey  chalk alK)nt    75 

3.  Totterahoe    Stone 2 

2.  Marly  and  blocky  chalk      -        -  -        -        al)out  135 

1.  Glauconitic    marl        ...  .        ,        .        .  0-5 

Alx^ut  220 

N08.  1  and  2  make  up  the  zone  of  Ammonify  wrianSy  Nos.  3, 
4  and  5  form  the  zone  of  //o/rrsfcr  siilHjhtfmHUR,  >fo.  5  l)eing  the 
subzone  of  Acfin^M^rtmax  ;>/cw ?/,<?. 

Al)ove  the  Chloritic  ifai'l  there  is  some  thickness  of  grey  chalk 
marl  in  lx»cLs  alternating  with  coui'ses  of  harder  grey  chalk;  higher 
up  there  is  greyish-white,  mai-ly  chalk,  not  very  clearly  bedded, 
and  the  upper  (50  ff»et  of  the  Am.  ra  ria  us  zone  consists  of  marly  chalk 
with  coui'ses  of  hard  siliceous  chalk  charactei'ised  by  the  presence 
of  sponge  spicules  and  globular  silica.* 

The  Totternhoe  Stone  has  been  described  on  p.  15,  and  the  small 
representative  of  it  in  Berkshire  agrees  with  that  description  in  all 
essential  particulars. 


*  See  Quart.  Journ.  Geol.  See.,  Vol.  xlv.,  p.  403. 
4219,  M  2 
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In  Berlcshire  the  zone  of  Holaster  svbglobosus  loses  the  abnormal 
characters  which  it  exhibits  in  Wiltshire,  and  assumes  those 
which  prevail  both  to  the  northward  and  to  the  eastward.  The 
Wiltshire  type  is  probably  continued  for  some  distance  into  Berk- 
shu'e,  and  there  are  so  few  exposures  in. this  western  area  that  we 
cannot  say  precisely  where  the  change  takes  place.  Possibly  it  is 
coincident  with  the  incoming  of  the  Totternhoe  Stone.  At  any 
mte,  to  the  north  of  Wantage  this  zone  consists  of  greyish  chalk 
for  a  certain  distance  above  the  Totternhoe  Stone,  probably  30 
or  40  feet,  but  this  passes  up  into  whitish  blocky  chalk  without 
deficiit^  bedding,  and  of  yearly  the  same  character  throughout. 

The  subzone  of  Actinocamax  plenvs  is  very  thin  in  Berkshire,  no 
exposure  8ho^\^ng  a  greater  thickness  than  2^  feet,  and,  instead 
of  consisting  wholly  or  mainly  of  marl  as  in  most  of  the  southern 
and  eastern  districts,  it  here  includes  a  bed  of  hard,  white,  compact 
chalk  about  a  foot  thick ;  lying  generally  l^etween  two  layers  of 
grey  marl,  this  white  l^ed  is  very  conspicuous  in  section. 

All  the  expasures  mentioned  in  the  following  pages  occur  along 
the  main  outcrop,  which  runs  from  Ashbury  in  the  west  to  Cholsey 
and  Moulsford  in  the  valley  of  the  Tliames.  There  are,  however, 
two  small  inhere  of  Ix)wer  Chalk  on  the  south  side  of  the  great 
escarpment ;  these  oc<;ur  in  two  of  the  deep  valleys  which  traverae 
the  downs  north  of  Lambom^n. 

Stratigraphical  Details. 
Zone  of  Ammonites  Varians. 

Chloritic  Mar/.— The  junction  of  the  chalk  Anth  the 
underlying  Greensiind  is  not  often  expased  in  Berkshire,  but, 
wherever  it  has  \>een  seen,  there  is  a  complete  passiige  upward  from 
the  glauconitic  sand  of  the  Selbornian  through  sandy  glauconitic 
marl  A\dth  fossils  and  phosphatic  nodules  into  a  marly  chalk  with 
scattered  green  grains.  The  jmssage  is  often  so  complete  and 
gradual  that  it  is  difficult  to  say  where  the  one  formation  ends 
and  the  other  begins. 

One  of  the  l)est  exposures  is  in  a  small  sand  pit  by  the  side  of  the 
main  road  near  Westcott,  four  miles  west  of  Wantage.  The  section 
seen  here  in  1HS7  Wiis— 

ft. 
„    (Chalk  marl  with  minute  green  grains-        -        -    a1x)iit    3 
( Harder  glauccjuitic  marl  with  larger  green  grains   -        „        2 
2.     Green  sandy  glaueonitic  marl,  with  some  phosphatic 

nodules  and  fossils „        2j 

1.     Dark  green  sand     -        -        -        -        •   seen  for        „        2^ 

Among  the  phosphates  were  Am.   [Schloenh.]  nirians,  Nantilua 
^nbhvriijatus  ?  Plicntula  infata,  and  ei,  PleVfTotomaria. 


3. 
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A  siiiiilar  set  of  l)eda  was  exposed  in  the  excavation  for  the  Wan 
tage  Waterworks,  half  a  niile  south  of  the  town,  and  from  them 
many  fossils  were  obtained  by  Mr.  E.  C.  Davey,  then  a  resident  in 
Wantage  (about  1878).  Some  of  these  were  sent  for  my  inspection, 
and  among  them  I  recognised  the  species  above  mentioned,  together 
with  Avdlana  cassis,  Solarium  sp.  Pecten  asper,  and  T erehratvlina 
triangularis.  His  collection  from  the  same  horizon  also  included 
TurrUites  tvbercuiatusy  Terfhratvla  biplicata,  Discoid ea  subuculus, 
and  other  undetermined  species. 

Another  good  exposure  of  these  beds  will  be  found  in  the  lane 
leading  northward  from  Ijockinge  to  the  main  road  from  Wantage, 
which  here  passes  over  a  small  outlier  of  Chalk  Marl.  This  lane 
traverses  the  following  beds  :  — 

ft. 
'  Hard  grey  bedded  chalk,  witli  muny  Am.  [SM.]  varians-    5 

Soft  grey  argillaceous  iiuirl 6 

Hard  grey  chalky  marl— Twrr/ZiVes  Btrgtri    -        -        -     1 
Hard  glauconitic  marl,  witli  large  iKxlular  lumps  of  Larder 
stone,  enclosing  Am,  [tSc/il.]  varians,  Strt/thinia  cfm- 

mluta,  and  Pleurotoniaria 3 

2.    Sandy  glauconitic  marl  with  scattered  [)h()spliatic  nodules, 

without  a  definite  base  -        -        -        -        -        -        --J 

1.    Green  glauconitic  sand  (Selbornian). 

In  this  section  No.  2  probably  represents  the  Cliloritic  Marl  or 
Rubzone  of  Statironenm  Carteri,  but  I  did  not  find  any  reco^rnisiible 
f<xssil8  in  it.  Tlje  overlying  l^ed  appeal's  to  correspond  \\'\{\\  that 
which  overlies  the  Cliloritic  Marl  in  the  Isle  of  Wight,  and  lias  been 
calleii  the  "  niveau  k  Plocoscyphia  mcvamlrina  "  by  Professor  Barrois. 

Chu/k  witli  Ammonites  varians, —'^hQ  lowest  beds    of   this 

zone  are  exposed  in  the  road-cutting  half  a    mile  south-west   of 

Kingston  Lisle,  the  section  seen  in  the  l)ank  l)eing  :  — 

ft. 
Hard  rocky  marl    --------     about    3 

Soft  grey  marl »        8 

Hard  glauconitic  marl,  seen  for »,        ii 

South  of  this  and  about  70  feet  higher  is  a  small  quarry  showing 
marlv  chalk,  rather  hard  and  blockw  with  some  softer  lavers,  over- 
l\Tng  a  Ijed  of  very  hard  gi'ey  str>ny  chalk  containing  Av\.  [Schl.'] 
varians,  TurrUites  scheuchzerianus,  Inoceramus  laius,  &c.  Of 
this  1\  feet  were  seen,  the  rest  being  concealed  by  fallen  debris. 

Beds  near  the  base  of  the  Chalk  are  exposed  in  the  cutting  on 
the  main  road  south  of  Spai'sholt ;  they  consist  of  tough,  mai'ly 
chalk,  greyish-bro\\Ti  where  damp,  but  drying  to  a  light  grey.  I 
found  here  Inoceramus  latus,  Lima  globosa,  and  Rhynchonella 
Martini. 

Between  Letcomte  Regis  and  Letcombe  Basset  beds  of  greyish- 
white  blocky  chalk  can  be  seen  at  intervals  along  the  watercourse, 
especially  near  the  latter  village,  where  tine  springs  issue  from  beds 
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which  must  be  some  80  or  90  feet  above  the  base  of  the  Chalk.  Ib 
the  village  of  Letoombe  Basset  a  bed  of  very  hard  siliceous  chalk 
is  seeu  and  the  same  or  another  bed  is  exposed  in  the  road-cutting 
on  Holborn  Hill,  west  of  the  village,  the  beds  seen  here  being  as 
follows  :  — 

ft. 

Hard  stony  chalk  (probably  siliceous) 6 

Soft  crumbling  grey   marl 4 

Tough  blocky  chalk  seen  for        3 

In  the  roadway  south-east  of  the  ohiu'ch,  about  150  feet  above 
the  base,  there  is  some  rather  hard  and  rough  greyish  chalk  re- 
sembling Totternlioe  Stone,  but  a  sample  of  this  was  sUced  and 
examined  by  Mi\  W.  EUll,  who  reports  it  to  be  an  ordinary  hard 
chalk  marl,  rather  full  of  shell  fragments  and  foraminifera,  but  not 
comparable  with  true  Totternhoe  Stone. 

No  good  exposures  were  seen  near  Wantage,  but  near  Manor 
Farm  strong  springs  issue  from  blocky  chalk  at  about  the  usual 
horizon. 

The  exposure  of  the  basement  beds  noi'th  of  Lockinge  has  aheady 
been  mentioned  (see  p.  167).  Beds  near  the  base  can  be  seen  in 
the  main  road  south  of  East  Hendred  and  at  the  IJroadwav  south 
of  Harwell,  where  there  are  many  fragments  of  Am.  [Schloenb.] 
varians  and  Am,  [Acanth.]  Mantelli.  Higher  beds,  which  nmst 
be  near  the  top  of  the  zone,  are  sho\vTi  in  a  small  pit  south  of 
Arlield  Farm,  consisting  of  grey  chalk  weathering  into  platy  pieces, 
and  containing  Am,  vciriaas  and  Plicatula  inflate, 

Tiio  middle  and  upper  imrts  of  this  zone  are  well  exposed  in  the 
railway  cuttings  between  Upton  and  Chilton  on  the  Didcot  and 
Newbm'v  line. 

The  first  cutting  near  Upton  Ijegins  at  a  level  of  about  60  feet 
above  the  base  of  the  Chalk  Marl.  The  beds  exposed  consist  of  firm 
marly  chalk  in  which  A?7i.  [Schloenb.]  tartans  is  the  most  abundant 
fossil.  Microscopic  examination  of  this  chalk  showed  it  to  have 
the  ordinary  cliaracters  of  Chalk  Marl,  except  that  the  remains  of 
siUceous  sponges,  both  mesh  and  spicules,*  wei'e  present  in  some 
abimdance. 

In  the  next  cutting  the  lowest  beds  are  rather  hard,  and  contain 
many  fossils,  including  sponge  remains ;  these  beds  pass  up  into 
marly  and  blocky  chalk,  of  which  there  is  from  16  to  20  feet,  and 
the  highest  beds  contain  two  courses  of  hard  grey  chalk.  Tliese 
courses  are  probably  the  lowest  of  those  which  are  seen  at  the 
entrance  of  the  next  cutting  east  of  Chilton,  where  the  following 
succession  can  be  measm^ed  :  — 

*  See  Quart.  Journ.  Geol.  Soc.,  Vol.  xlv.  p.  408. 
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3    Greyish  bedded  chalk,  rather  hard  - 


J  ;  Soft  grey  chalk 
*S  ^  I  Hard  rocky  grey  chalk 


«*•§*    Grey  chalk  with  shaly  partings,  passing  down  into 

o  «        hard  grey  bedded  chalk 

^.^     Totternhoe  iS'^one.  — Brownish-grey  stone,  firm  and 
:;5        rough  to  the  touch,  with  many  phosphatic  nodules 

and  fossils ii 

Grey  chalk  marl,  breaking  conchoidally  -        -        - 
Very  hard  compact  limestone  (siliceous)  - 

g    Shaly  grey  chalk 

"o-S  I  Hard  rough  grey  chalk  (siliceous  and  containing 

s*^ 


fossils) 


o  ^    Loose  grey  marly  chalk   - 
^  '^    Hard  rough  grey  chalk  (siliceous) 


Loose*  grey  marly  chalk 
Firm  Uocky  chalk,  seen  for 


ft. 
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Am,  [Schloen^  tnrians  is  common  in  all  the  beds  below  the  marl 
which  underlies  the  Totternhoe  Stone,  but  does  not  occui'  in  tliat 
marl  nor  in  the  stone  above,  except  in  the  condition  of  a  phosphatic 
oast. 

All  the  hard  ooui-ses  in  the  Chilton  section  contain  sponge-spicules, 
but  these  are  most  abundant  in  the  highest  and  hardest  of  the  bedn. 
Some  of  the  spicules  are  still  siliceous,  but  othei's  are  replaced  by 
calcite.  All  these  beds  also  contain  minute  globules  and 
aggregations  of  colloid  silica,  and  the  amoimt  of  this  is  also 
greater  where  the  luoportion  of  sponge-spicules  is  greater. 

The  cutting  on  the  Great  Western  Railway  by  Moulsford  Station 

exposes  a  good  section  of  beds  which  must  be  about  00  feet  below 

the  Totternhoe  Stone.    These  are  :  — 

ft. 
Marly  chalk  in  courses  separated  by  layers  of  soft  shaly 

marl 10 

Soft  grey  marl  with  lumps  of  harder  chalk         -        -        -  8 

Hard  rocky  chalk    weathering    with   lenticular    lumps ; 

fossils  abundant 2 

The  fossils  foimd  here  include  Am.  [Schloenb.]  varians.  Am, 
[Acani/t.]  Mantelli,  Iiwceramus  latus,  and  Rhyiichmiella  SMoen- 
bachi? 

Zone  of  Holaster  subglobosus. 

Below  White  Horse  Hill,  on  the  promontory  known  as  Dragon 
Hill,  there  Ls  a  quaiTy  open  in  chalk  which  must  by  its  level  belong 
to  the  zone  of  Holastisr  subf/Iol}08us,  but  which  has  an  unusual  cha- 
racter.   The  beds  seen  in  1887  were  :  — 

ft. 
Broken  chalk,  with  thin  binds  of  greyish  marl    -        -        -    5 
Hard  rough  greyish  chalk,  containing  Am,  [//api,]  Austenii 
and  Am,  [Acant/i,]  rotomageiiais,  weathering  into  irregular 

lumps  6 

Whiter  blocky  chalk  with  a  more  even  fracture    -        -        -    8 
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The  Belemnite  Marl  was  just  visible  at  the  entrance  to  the  pit 
at  the  top  of  Blowing  Stone  Hili. 

Small  pits  have  been  opened  in  the  zone  of  H.  suhijlufnt^us  by  Sin- 
combe  Farm  south  of  Childi-ev  and  bv  Childrev  Warren  Farm,  and 
again  in  a  field  on  the  north  side  of  Wantage  Workhouse. 

A  good  section  through  the  l)eiLs  at  the  top  of  the  I>o\ver  (Mialk 

is  exposed  in  a  quarrv  by  (lialkliill  Biirii,  one  mile  .south  of  l^K'kinge  ; 

the  face  in  1887  showing  :  — 

ft. 

Soil  and  rubble  of  hard  chalk i 

\f  Jhn        f  Hard  com  pact  l>ed<led  clialk,  sonic  what  n(Hlular  -    -       o 
p^  1      \  Hard   rough  nodular  chalk,  with  ^cenish  niatt<T 

I         lx?twecn  the  lumps 3 

Roi        •»   (  S^^  laminated  argillaceous  marl       -  9  inches  to  1 

jj^""*-  Hard  white  comi>act  chalk    -  -  6  indies  to  1 

I  Thin  layers  of  marl,  3  or  4  inches   -        -        -        -        J 
Firm  white  blocky  chalk  seen  for    20 

About    -    34 

Tliere  i«  no  hard-and-f<i8t  line  Ix^tweeu  the  bhx'kv  ehalk  and  the 

ft 

niarlv  lavei's  at  the  lja«e  of  the  Belemnite  band,  whiehseem  to  occur 
AS  it  were,  in  the  upper  few  inches  of  this  chalk.  The  ui)|x?r  marl 
band  contained  Ostrea  vcmcularis  and  a  broken  AcHmxamax. 

The  marls  are  seen  again  at  two  l(K-4vlitie«  near  (liilton,  tin*  liivt 

being  in  a  small  pit  near  Skeleton  Farm,  iSouth-east  n{  (Miilton,  where 

the  central  course  of  hard  white  chalk  Ls  al)out  18  inclu>s  thick  ; 

the  second  is  in  a  quarry  on  Hagbourn  Hill,  noilh  of  Chilton,  where 

the  following  section  was  exposed  in  1887  :  — 

ft. 

Melljouru  Rock,  broken  and  weathered 4 

Buff -coloured    laminated    marl  -       -        -        -  <>'• 

T  '  Hard  whitish  chalk,  some  i>arts  harder  and  winter 

pi    11  than  the  rest 1 

Grey    laminated  chalk   ijassing  down  into  massive 

whitish  chalk,  seen  for 3 

The  hard  white  chalk  yielded  Rhynchonella  plicatilis,  Ostrea 
resicuTaris,  and  Aporrhais  ManteUi  (cast). 

In  the  railway  cutting  near  Chilton,already  described  (see  p.  168), 
about  20  feet  of  gi'ey  chalk  are  seen  alx)ve  the  Tottei-nhoe  Stone,  and 
these  beds  have  yielded  Holaster  subyloljosus  and  Discoidea  cyliii- 
drica.  The  base  of  the  Totternhoe  Stone  is  well  markwl,  but  there 
is  no  clear  line  between  it  and  the  overlying  chalk,  though  planes 
of  curvilmear  jointing  often  pass  through  the  top  of  the  stone  and 
make  it  appear  to  thin  and  thicken  irregularly. 

The  outcrop  of  the  Totternhoe  Stone  was  found  again  by  the 
side  of  the  road  to  Cholsey,  lialf  a  mile  south-east  of  Lollington  Farm, 
and  blocky  grey  chalk  is  seen  in  a  pit  on  Lollington  Hill,  and  also 
south  of  Aston  Upthorpe. 
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List  of  Foimiuj  ntoH  tuk  Lowib  Chalk  or  Uebkshirk. 


«  [Hiploceiu)  AoalauE,  SAaroe 
(AuDth.l  HuUUI.  Stw. 
(       „     I  umTknilHla.  Mint. 
[ 


„  ISchlooib  Inrlang, 

,,         [       ,.       1  OaDpEl,  I 
Sat-iJlia  bKol^dn,  Ifaiif.  - 
Scaphila  (Xiuilli.  Sew. 
InnUIUi  Bsmrl,  Bmie. 

■ctaeachiarluiiv.  Jfau 
talMrcalitiu,  Rwc. 


Hsutlloi  di 


lia-ltrayoda. 
Manlelll,  Uordn.  - 
anil.  •rOrli.  - 
onutlulmDm,  Deih. 


nimrulomaTU  (cuu) 


Lo-mdlibranduata. 
CudiU  tanulmU,  Snte. 
ImccninDa  Ifttni,  cTOrb.  ■» 


■omlglaboui.  SBt».     • 
,.  trluitfulBrJB?  £fA- 


Btieptalnla  oohtoIdU,  Htm 
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CHAPTER  XIV. 

THE    LOWER    CHALK    IN    OXFORDvSHIRE    AND 

BUCKINGHAMSHIRE. 

General  Description. 


The  Lower  Chalk  emerges  from  beneath  the  Mel  bourn  Rock 
near  Spring  Farm,  north  of  Goring,  and  borders  the  alluvium  of 
the  Thames,  though  partly  covered  by  gravel,  for  a  distance  of 
nearly  five  milcB,  as  far  as  Crowrnarsh,  opposite  Wallingford.  ITience 
its  outcrop  trends  north-east  at  the  foot  of  the  main  chalk  escarph 
ment,  and  it  occupies  a  tract  which  varies  from  one  to  two  miles  in 
width  by  Ewelme,  WatUngton,  Aston,  Chinnor,  Risborough,  Wend- 
over,  and  Tring,  which  last  place  we  shall  include  in  the  district, 
although  it  is  actually  in  Hertfordshire. 

The  composition  of  the  Lower  Chalk  in  these  counties  is  the  same 
as  in  Berkshii'e,  and  the  total  thickness  in  Oxfordshu'e  is  about 
200  feet ;  in  Bucks,  however,  it  is  probably  not  more  than  180  feet, 
and  in  some  places  it  seems  to  be  even  less  than  this. 

The  zone  of  Ammaiiites  vdrians  (or  Chalk  Marl)  may  be  120  feet 
thick  in  Oxfordshire,  but  is  not  more  than  100  feet  in  Bucks.  It 
is  leased  on  a  soft  glauconitic  marl,  which  appears  to  form  a  complete 
passage  between  the  Chalk  Marl  and  the  underlying  Greensand 
(see  vol.  1,  p.  283).  A  special  feature  of  the  zone  in  this  area  is  the 
occurrence  of  a  bed  of  very  compact  limestone,  about  50  or  00  feet 
above  its  base ;  for  this  bed  the  name  **  marl-rock  "  has  been  sug- 
gested,* and  it  is  traceable  through  the  greater  part  of  the  district 
owing  to  the  fact  that  strong  springs  are  thrown  out  along  its  com^e 
because  it  rests  on  a  tenacious  argillaceous  marl. 

The  zone  of  Holaster  subglobosus  has  a  thin  but  persistent 
bed  of  Totternhoe  Stone  at  its  base.  In  Oxfordshu-e  this  is  onlv 
from  2  to  4  feet  thick,  but  it  becomes  thicker  tow^ard  the  north- 
east, and  near  Tiding  there  are  sometimes  two  beds  with  5  or  6  feet 
of  sandy  marl  between  them. 

The  chalk  which  forms  the  rest  of  the  zone  is  from  70  to  80  feet 
thick,  consisting  of  grey  and  greyish  chalk  in  the  lower  part,  chang- 
ing in  the  higher  |>art  to  nearly  white  chalk. 

In  Bucks  a  peculiar  bed  of  rough  grey  chalk  occurs  about  30  or 
35  feet  abo\'e  the  Totternhoe  Stone,  which  stone  it  much  resembles 
in  general  appearance.    It  is  locally  known  as  "  rag,"  is  about  2^  feet 
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thiok,  and  contains  numerous  green-coated  nodules,  which  are 
feebly  phosphatic.  A  special  feature  in  it«  coniixwition  Ls  the  abund- 
ance of  small  fish-teeth  and  of  minute  pieces  of  bone  ;  it  also  contains 
glauconite  in  some  quantity,  but  in  small  grains.  The  texture  of 
the  rock  is  coarser  than  that  of  the  chalk  above  and  below,  while 
the  nodules  consist  of  fine-grained  chalk-marl  coloured  aud  hardened 
by  a  slight  infiltration  of  phosphate  of  lime.  Where  this  **  mg '' 
occurs  it  separates  the  grey  from  the  white  chalk. 

The  subzoneof  Actiiutcamax  piemis  presents  its  usual  Midland 
aspect,  consisting  of  two  layei*s  of  grey  or  bufi'-coloured-marl,  with 
a  course  of  firm,  white,  compact  chalk  between  them,  the  whole 
being  seldom  more  than  3  feet  thick. 

Stbatigkaphical  Details. 
Zone  of  Ammonites  varians. 

Basement  Bed.— At  the  base  of  this  zone  there  is  a  soft  glauco- 
nitic  sandy  marl  like  that  in  Berkshire,  but  so  far  as  can  Ije  judged 
from  the  few  exposures  it  is  entirely  without  phosphatic  nodules. 

No  exposure  of  this  "  Chloritic  Marl "  was  obsen^ed  in  Oxford- 
shire, but  surface  indications  and  ditch  sections  showed  a  complete 
j>assage  upward  from  the  soft  Greensand  at  the  top  of  the  Sel- 
lx)rniau  to  the  soft  Chalk  Marl  alx)ve,  the  amount  of  sandv  and 
glaucouitic  material  gradually  decreasing  upward,  while  that  of 
chalkv  matter  increases. 

Tlie  same  conditions  prevail  in  Buckinghamshire,  and  the  actual 
passage  from  the  "  Greensand  "  through  the  glauconitic  marl  was 
seen  l)y  the  roadside  near  Bushey  I^ys,  south-west  of  Wendover, 
and  agjiin  by  the  main  road  about  a  mile  north  of  Wendovei*. 
It  was  more  clearly  exposed  in  1885  in  a  trench  oi)ened  in  the  park 
near  Aston  CUnton  House ;  this  showed  atout  0  feet  of  Chalk 
Marl  at  the  upper  end,  jmssing  down  into  glauconitic  marl,  and 
thence  through  marly  greensand  into  a  dark  greensand  consisting 
mainly  of  quartz  and  glauconite  :  no  line  of  division  and  no  phos- 
phatic nodules  existed,  nor  were  any  fossils  observed. 

Chalk  Marl.  —There  are  many  small  exix)sures  of  the  Chalk 
Marl  in  Oxfordshire,  but  none  of  an}'  depth. 

The  upper  18  feet  of  it  were  formerh  swn  lx?low  the  Totternh/ 
Stone  at  Crowmai-sh  (see  178),  but  this  pit  is  now  overgrowii. 
There  was  also  a  small  cjuarr}  by  Kumbold  s  I^ne,  about  IJ  miles 
north  of  Ewelme,  where  alx)ut  5  feet  of  very  hard  chalk  or  marl\ 
limestone  was  seen  in  1885,  but  Mr.  Rhodes  found  it  sloped  and 
ploughed  over  in  1899.  From  it  I  obtained  Am.  [SchL]  varians, 
TurrUites  costatus,  Irvoceramus  latus,  Plicatvla  infJata,  and  lihyn- 
chondla  grasiaaa,  I  alsoobtahied  Am.  [Acanth]  Mantelli  and  other 
fossils  from  the  material  thrown  out  of  a  shallow  well  by  Cla}'  I^ne, 
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south-west  of  Ewelme.  This  was  about  16  feet  deep  through 
soft  broken  marl  into  tou^h  brownisli  sandy  marl,  with  lumps  or 
layers  of  hard  marly  limestone. 

Mr.  Rhodes  also  foimd  a  new  pit  open  near  Rumbold's  Copse, 
which  showed  about  10  feet  of  gresdsh  chalk,  and  from  which  he 
obtained  Am.  [Schloenb.]  varians,  Pecten  Beaveri,  Lima  echinata  ?, 
Palcega  Carteri,  and  other  fossils,  the  assemblage  suggesting  that 
of  the  Tottemhoe  Stone.  The  beds  cannot  be  far  from  that  horizon, 
and  may  be  just  below  the  stone  itself. 

The  bed  of  hard  "  marl-rock  "  is  visible  at  the  spring-heads  o 
Brightwell  TJppertown  and  of  Cuxham ;  and  Mr.  Rhodes  in  1899 
found  that  a  small  pit  had  been  opened  above  the  spring  at  Bright- 
well,  which  allowed  the  folkiwing  beds  :  — 

ft. 

Grey  chalk  marl,  much  weathered 3 

Hard  marly  stone,  with  Cyprids  and  other  fossils  -        -        -     1 
Grey  marl  with  hard  lumps setn  for    0 

The  hard  concretionary  lumps  in  the  lower  marl  are  ns  lar^e  as  a  man's 
head,  and  fossils  occurred  in  them. 

Near  the  village  of  Pyrton  a  small  pit  was  opened  many  years 
ago,  and  from  this  some  fossils  were  obtained  by  Mr.  Montague 
Smith,  and  are  now  in  theWoodwardian  Museum  (see  list  on  p.l  83). 

The  outcrop  of  the  hard  marl-rock  can  be  seen  in  Shirburn  Park  ; 
it  weathera  into  a  flaggy  stone,  and  is  seen  again  just  above  the 
fine  springs  which  issue  from  beneath  the  main  road  at  liewknor. 

In  Buckingham  also  the  only  exposures  along  the  main  outcrop 
of  this  zone  are  at  the  spring-heads  along  the  outcrop  of  the  "  marl- 
rock."  At  Bledlow,  on  the  east  side  of  the  churchyard,  there  is  a 
deep  dell  the  terminal  face  of  which  is  almost  vertic^il  and  about 
25  feet  deep ;  strong  springs  here  issue  from  a  hard  grey  sandy 
chalk,  with  softer  and  more  marly  chalk  alcove. 

Near  Risborough  all  the  spring-heads  are  cleared  out  and  utilised 
for  the  gro\\i:h  of  watercreas,  some  of  them  showing  as  much  as 
4  or  5  feet  of  very  hard  compact  grey  calcareous  stone  (with  many 
fassils),  and  the  use  of  a  crowbir  proved  it  t^)  1x3  underlain  by  soft 
argillaceous  marl. 

The  outcrop  of  this  rock-l)od  crosses  the  high  road  half  a  mile 
N.N.W.  of  Wendover,  and  many  ftkssils  wen»  obtained  in  1885  from  a 
hole  dug  for  a  telegraph  past,  several  kinds  of  sponges  Ixnng  conmion 
here,  including  Plocoscyphici  lahrosa  and  one  identified  by 
Dr.   Hinde  as  Phymafella  intumescens. 

This  hard  bed  has  not  l:)een  traced  beyond  Buckland,  south  of 
which  it  seems  to  thin  out,  or  pass  into  a  mere  layer  of  hard  lumps. 

A  good  section  of  Chalk  Marl  about  30  feet  above  the  base  is 
exposed  in  a  quarry  at  the  west  end  of  the  outlier  which  forms 
West  End  Hill,  near  Cheddington,  north  of  Tring.  As  seen  in 
1884  this  was  as  follows  :— 
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ft. 

Soil  and  soft  flaky  marl   -        -  4 

Irregular  lumps  of  hard  greyish  chalk  in  two  bands,  separated 

by  soft  marl  ----  .-.-4 

Blocky  marl  or  "clunch"  in  irregular  beds   -       -       -       -    12 

Many  of  the  characteristic  fossils  of  the  zone  may  be  obtained  from  the 
hard  lumps  in  this  quarry  (see  p.  183).        » 

A  boring  was  made  at  Bulbourne,  north  of  Tring,  for  the  Birming- 
ham Oanal  Company  in  1855,  and  specimens  are  preserved  at  the 
local  office  of  the  Company  at  Marston.  From  an  examination 
of  these  specimens  made  by  me  in  1884  the  beds  traversed  by  the 
boring  seem  to  have  been  as  follows  :  — 

ft. 

Soft  Chalk -       20 

;  Hard     grey     sandy     chalk     (Totternhoe     Stone), 

samples  from  25 J  and  27  J  feet    -        -        -        -  9 

Lower    Soft  chalk  marl  --------  5 

Chalk,,  Soft  bluish  marls 25 

140     •  Soft  grey  marl  with  harder  lumps   -        -        -        -         10 

feet.       Grey  micaceous  silty  marl -2 

Hard     rocky    chalk,     with    impression    of    Am. 

[Schioenf)achia]iyarianfi  at  l\i^  ioet       -        -        -       ?    4 
Soft  grey  and  blue  argillaceous  marls    -        -        -       ?  05 

(Dark   micaceous  grey  and  greenish    sjuuly    marls 
(]  Selbornian) -        -         10 
Light  grey   clays ^0 
Clay  with  phosphate  nodules            -        -        -        -  1 

Qault    clays       -        .       .        .        .  -       159 

Clay  full  of  sand  and  pebbles    .        -  -  v^ 

T  n  Q    r^^rown  sands  -..-..         r>2 


\Greenish  sand 


465 


Both  the  Gaiilt  and  the  beds  l^elow  the  Totternhoe  Stone  are 
thicker  than  usual,  but  if  the  record  is  reliable,  the  Chalk  Marl 
has  here  a  thickness  of  111  feet.  The  hard  rocky  bed  at  71 J  feet 
is  probably  one  of  those  seen  in  the  quarry  on  West  End  Hill,  for 
the  sample  much  resembles  them. 

Zone  of  Holaster  subglobosus. 

The  Totternhoe  Stone ^  with  some  of  the  underlying  Olialk  Marl 
and  the  great^^r  part  of  the  overlying  zone,  was  formerly  well  exposed 
in  the  quarries  (now  overgrown)  by  the  side  of  the  main  road  on 
Crowmai-sh  Hill.  i\s  seen  in  1885,  the  Totternhoe  Stone  was 
about  4  feet  thick,  forming  a  l)and  of  massive  brownish-grey  chalk 
which  could  l)e  quarried  in  large  blocks.  At  the  j)re8ent  time  the 
upper  end  of  the  quarry  shows  about  30  feet  of  nearly 
white  blocky  chalk,  the  bedding  of  which  is  obsciu-ed  by  the  curvi- 
linear jointing  of  the  mass.  Between  the  foot  of  this  and  the  level 
on  which  the  kiln  stood  there  must  be  35  or  40  feet  of  similar  chalk, 
wliitish  above,  but  becoming  grey  below^  and  containing  Am, 
[Acaivth^  rotomageTisis^ 
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Below  the  kiln  the  following  beds  were  seen  :— 


ft. 
-    6 
some  fossils 


^  ^  rBlocky  grey  chalk,  with  olJiquc  jointing 

H    iX  J^^^^  rough  brownish-grey  chalk,  with 

/  jJ!        I     ^^^   many    phosphatic     nodules    near    the    base 

gumsm.  I    (Totteruhoe  Stone) 4 

rHard  bhiish-grcy^marl,  breaking  with  a  semi-con- 

Zone  of  choidal  fracture 8 

Am,       [Dull   grey   sandy  stone,  rather   hard,  but  splitting 

varians.    I     into  shaly  layers 2 

^Soft  prey  marl  without  definite  bedding        -        -    8 

28 

The  dip  here  is  about  2**  to  the  south-eastward.  Prom  Crow- 
marsh  Hill  the  outcrop  rises  north-eastward,  and  can  be  foimd 
just  above  the  300  feet  contour  in  Day's  Tiane,  south  of  Ewelme. 

The  only  other  undoubted  exposure  of  Tottemhoe  Stone  seen  by 
me  in  Oxfordshire  was  in  the  bank  bv  the  roadside,  160  yards 
south-east  of  Chinnor  Station  ;  it  is  here  about  2  feet  thick,  and 
contains  the  usual  brown  phosphatic  nodules. 

In  Buckinghamshire  there  is  no  good  section  through  the  Tottern- 
hoe  Stone,  but  it  is  exposed  in  many  roadways ;  as  for  instance  near 
Winnall,  south  of  Bledlow,  and  in  the  roadway  north-east  of  Culver- 
ton,  its  thickness  being  a  little  over  3  feet.  The  top  2  feet  were 
also  seen  in  an  old  pit  at  Parkfield,  south  of  Princes  Risborough, 
the  stone  here  being  firm  and  blocky,  full  of  phosphatic  nodules, 
and  containing  a  few  fossils,  especially  Bhynchondla  mantelliaiui. 

At  Wendover  the  well-head  spring  rises  from  the  Totternhoe 
Stone,  which  can  l^e  seen  in  the  watercourse,  and  thence  it  is  trace- 
able for  several  miles  along  the  ground  above  the  course  of  the 
Wendover  (^anal.  It  crosses  this  near  Buckland,  and  the  top  part 
of  it  with  Rhyiu'h.  maidelliana  is  exjxwed  in  a  small  pit  south-east 
of  Drayton,  piissiug  up  into  grey  chalk. 

Near  Tring  two  beds  of  Totternhoe  Stone  have  l)een  seen,  each 
Ijetween  2  and  3  feet  thick,  and  separated  by  5  or  G  feet  of  fissile 
sandy  marl.  The  upper  bed  is  more  massive  than  the  lower,  which 
is  somewhat  flaggy,  but  both  contain  the  usual  brown  phcxsphatie 
nodules.  *  One  of  these  iDeds  is  expa«»ed  in  the  roadway  south  of 
Tring  Wharf,  but  the  quarry  described  by  Mr.  Whitaker  is  now 
Hllecl  up.  It  is  also  visible  at  the  northern  end  of  the  long  cutting 
on  the  L.  and  N.W.  Railway. 

Another  exposure  is  in  the  bank  of  the  lane  south-east  of  Ivinghoe 
Aston.  This  is  the  upper  bed,  and  consists  of  dark  grey  sandy 
stone  (1  foot)  with  phosphates,  and  18  inches  of  lighter  grey  stone, 
with  many  fcxssils  overlain  by  light  grey  chalk. 

Exposures  of  the  Higher  Beds. — Of  the  chalk  above  the 
Totternhoe  Stone  in  Oxfordshire  there  was  formerly  a  good  section 
in  the  upper  level  of  the  quarry  at  Crowmarsh,  already  described 

*  See  Whitaker  in  Mem.  Geol.  Survey,  Vol.  iv.  p.  40,  1872. 
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Part  of  the  same  zone  is  exposed  in  the  hmekiln  quarry  on  Beggars 
bush  Hill,  south-west  of  Ewelme,  the  pit  being  about  40  feet 
deep,  and  the  upper  30  feet  being  of  whitish  chalk. 

The  same  chalk  is  seen  in  a  small  pit  south  of  I^ewknor,  in  the 
railway  cutting  south-east  of  that  village,  and  in  the  cuttings  by 
Aston  Rowant  Station,  but  they  present  no  features  of  interest, 
and  fossils  are  rare. 

The  very  highest  beds,  with  the  subzone  of  Actinocaviax  plcnvSy 
are  well  exposed  at  two  places  near  Wallingford.  A  quarry  on 
White  Hill,  east  of  North  Stoke,  shows  :  — 

ft. 
MelbouruRock 5 

«  1      r  Buff -coloured  laminated  marl,  with  Act,  jthnus    -        -  \-\ 

Maris  { Hard  compact  white  chalk 1-1 J 

I  Greenish  shaly  marl,  Rhynchonella  sp.         -        alK)Ut        \ 
Blocky  white  chalk,  with  patches  and  mottlings  of  prey  mate- 
rial near  the  top,  giving  it  a  brecciated  appearance      about    10 

The  other  section  is  in  a  deeply-cut  cart-road  by  Coldhaibour 
fann,  east  of  CJrowmai-sh,  and  shows  :  — 

ft. 

Melbourn  Rock about    3 

-o  I     /Soft  grey  laminated  marl >»       1 

^  ®/    -j  Hard  white  compact  chalk >»       1 

^  *  I  Thin  parting  of  grey  marl. 

Firm  white  chalk seen  for    5 

South  of  Bledlow,  in  Buckinghamshire,  there  is  a  quarry  just 
above  the  outcrop  of  the  Totternhoe  Stone,  showing  tough  greyish- 
white  blocky  chalk  with  large  Ammonites, — Am,  [Acari^A.] 
rotomagensis  and  Am.  [Acanth.]  sussexensis. 

The  best  section  in  Bucks,  however,  is  in  the  large  chalk  pit  at 
Butler's  Cross,  west  of  Wendover.    The  beds  here  seen  are  the 

following:— 

ft. 

Middle  chalk  and  Melbourn  Rock 12 

.  .       rSoft  grey  laminated  marl i-1 

lenus  J  ^^^^  white  compact  clialk,  thinning  out  southward  -    0-1 

^Beds     I  Soft  grey  shaly  marl i 

^^  '    iGreen  gritty  shale,  thinning  out  southward    -        -    0-1 
/Hard  rough  chalk,  mottled  grey  and  white,  passing 

into  next 1-1  i 

Rather  hard  white   chalk,   breaking  into  massive 

angular  blocks  with  smooth  surfaces    -        -        -         9 
Parting  of  slialy  marl 

Tough  grey  bedded  clialk 5 

Hard  rough  grey  chalk,  with  grains  of  glauconite  and 

many  green-coated  nodules 2 

Tough  grey  chalk        -        -        -        -         seen  for        3 


Is 

o 


The  remarkable  part  of  this  section  is  the  thimiess  of  the  white 
chalk  at  the  top  of  the  zone  and  the  signs  of  erosion  presented  by 
itfl  upper  surface.  Instead  of  the  usual  30  or  40  feet  of  white  chalk, 
there  is  here  only  9  or  10  feet,  and  the  total  .thickness  between 
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the  Beleiiiiiite  marls nnd  the  Totteinhoe  Stone,  which  crops  out  at 
the  crosa-roada,  is  only  about  50  feet,  inBtead  of  75  or  80.  It  would 
appear,  therefore,  that  some  25  or  30  feet  of  this  white  chalk  has 
hwe  been  cut  out  by  current  erosion  before  or  duruii^  the  deposition 
of  the  overlyinu  marl. 

At  the  northern  end  of  the  set^tion  the  Beleuuiite  lieds  couaist 
aa  uaual  of  two  layera  of  marl,  with  an  intervenuig  bed  of  whit* 
clialk  ;  but  the  lower  marl  band  is  unuHually  thick,  measuring  18 
inches,  and  is  very  shaly  and  gi'itty  in  the  lower  part.  When 
followed  southward,  this  lower  part  is  seen  to  thm  out  entirely, 
the  surface  of  the  white  chalk  below  rising  as  shown  in  the  sketch 
(Fig.  42).  A  few  yai-ds  further  the  bed  d  also  thins  out,  allowing 
the  two  marls  to  oonie  together  and  foiiu  one  band  about  2  feet 
thick. 


/.  Baoc  of  Melbouni  Kock. 

e.  T'pi)er  tnArl. 

d.  Hard  white  chalk. 


c.  Lower  niart. 

6,  Orey-gritty  shale. 

a.  Mottled  rock 


The  upper  surface  of  the  massive  chalk  (a)  is  8lig)itly  undulating 
and  very  sharply  marked.  The  uppermost  10  or  12  inches  of  this 
chalk  has  a  curious  structure,  being  very  hard  and  marbled  with 
a  grey  chalk,  of  wliich  in  some  places  there  is  more  than  of  the 
white  chalk,  but  so  intimately  are  the  two  mingled  that  the  rock 
breaks  through  both. 

The  nodule- bed  near  the  base  is  also  of  special  intei-est ;  the  nodules 
are  of  all  sizes  up  to  that  of  a  large  potato.  Internally  they  are  of 
a  pale  buft'  colour,  but  the  outer  portion  is  riddled  with  small  tubuleu 
wliich  ai-e  filled  with  the  chalky  matrix  ;  the  green  matter  outside 
is  merely  a  coating.  The  mass  of  the  bed  is  mthei-  coarse-grained, 
aud  under  the  microscope  it  is  seen  to  consist  chieHy  of  broken  shell- 
fmgmenta,  with  many  glauconite  grains  and  some  Foraminifera. 
The  material  of  the  nodules  is  compact  and  tine-grained. 

The  next  exposure  shows  only  the  highest  beds  overlain  by  the 
Uelboum  Kock.  This  is  by  the  main  road  to  Tring,  leea  than  half  a 
mile  east  of    Buckland  Wharf,  and  here  the  following  beds  are 
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ft. 


Jx>wer 
Chalk. 


1 

i 
10 


Melbourn  Bock,  eta  (see  p.  460) 16 

^Yellowish  shaly  marl,  with  lenticular  lumps  of  hard 
chalk  at  its  base  -        -        .  .... 

Hard  solid  white  chalk 

Layer  of  soft  grey  marl 

.Tough  greyish- white  blocky  cJialk         -  seen  for 

The  upper  part  of  the  I^wer  Chalk  was  formerly  exposed  in  a 
continuous  seistion  along  the  cutting  of  the  L.  and  N.  W.  Bailway 
north-west  of  Tring  Station.  A  small  synclinal  fiexui*e  brings  in  the 
Belemnite  Marls  about  a  quarter  of  a  mile  north-west  of  the  station. 
Below  these  there  is  about  20  feet  of  whitish  blocky  chalk,  ])assing 
down  into  greyish  chalk,  and  just  one  mile  from  the  stjition  a  bed  of 
hard  grey  sandy  **  rag  "  rises  from  the  floor  of  the  cutting  and  forms 
a  conspicuous  band  on  each  side  as  it  rises  toward  the  surfac/e, 
its  dip  being  about  2"*.  This  bed  is  2  feet  thick,  contains  many 
green-coated  nodules,  and  resembles  that  at  Butler's  Cross  above 
described.  The  chalk  below^  is  wet,  dark  grey  and  somewhat  marly. 
Beyond  this  the  face  of  the  cutting  is  nmch  obsciu'ed  by  fallen  debris, 
but  the  Tottemhoe  Stone  does  not  crop  out  till  near  the  end  of  the 
cutting,  about  tw^o  miles  from  tlie  stiition. 

Probably  the  beds  undulate  somewhat,  for  if  the  dip  was  con- 
tinuous the  total  thickness  of  chalk  between  the  Totternhoe  Stone 
and  the  Belemnite  Marl  would  be  double  wliat  it  ought  to  be,  and  its 
real  thickness  is  not  likely  to  be  more  than  80  feet. 


/"i"^]  •  •  •  »  y    J  •  •  •  "  \»  •  ••      •  •  •■  *  «     .   »•        J. 
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}^ 


Fkj  43.— Part  of  a  Quarry  at  Pitstone,  near  Tring. 
3.  Melbourn  Rock         2.  Belemnite  Beds.         1.   Whitish  Lower  Clialk. 

A  quarry  near  Pitstone,  N.E.  of  Tring,  exposes  the  Belemnite  Beds 
near  the  entrance,  the  central  band  of  white  chalk  being 
here  2  feet  thick,  while  the  layers  of  marl  above  and  below  are  not 
more  than  6  inches  thick ;  the  lower  one,  however,  yields  the  charac- 
teristic Belemnite  (Actinocamax  plenvs).  Fig.  43  is  a  rough 
sketch  of  this  section 
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The  "  rag-bed  "  is  again  exposed  in  a  quarry  by  the  roadside  south- 
east of  I  vinghoe.    The  beds  seen  are :  — 

ft. 
Greyish- white  chalk,  breaking  along  curved  planes  -        -        -    7 
Hard  yellowish  somewhat  gritty  chalk,  breaking  into  thin 

even  layers 2 

Hard  grey  gritty  **  rag  "  full  of  green  grains  and  green-coated 

nodules  2j 

Tough  greyish  marly  chalk seen  for     G 

Fossils    fhom    the    Lower    Chalk    of    Oxfordshire    and 

Buckinghamshire. 

The  localities  for  the  rock-bed  in  the  Chalk  Marl  are :  (1)  In 
Oxfordsliire,  Crowmarsh,  Clay  Lane  (west  of  Ewehne),  Brightwell 
Upper  Town,  Rumbold  Lane  (west  of  Brightwell),  and  Pyrton, 
near  Wathngton ;  (2)  in  Bucks,  the  railway  cutting  south  of  Ris- 
borough  Station,  the  spring  heads  at  Princes  Risborough,  Monks 
Risborough,  and  Ascot ;  (3)  West  End  Hill,  near  Tring.  The 
figures  in  this  column  refer  to  the  districts  as  above  numbered. 

The  locahties  for  Totternhoe  Stone  are:— For  Oxfordshire  (o), 
Crowmarsh ;  in  Bucks  (6),  Winnall  road-cutting,  near  Bledlow 
north-east  of  Culverton,  and  at  Parkfield,  south  of  Risborough; 
and  Ivinghoe,  near  Tring  (indicated  separately  by  the  letter  i). 

The  locahties  for  the  chalk  above  tie  Totternhoe  Stone  are  :— 
Li  Oxfordshire  (o\  Cro^vmarsh ;  in  Buckinghamshire  (6),  pits 
south-west  of  Bledlow,  south-east  of  Saunderton,  near  Whiteleaf, 
south-east  of  Great  Kunble,  and  at  Butler's  Cross. 

The  localities  for  the  Belenmite  Marls  are :— In  Oxfordshire  (o) 
North  Stoke  ;  in  Bucks  (6),  Butler  s  Cross. 

The  fossils  were  obtained  for  the  Geological  Sm*vey  by  Mr.  J. 
Rhodes,  and  identified  by  Messrs.  Sharman  and  Newton,  except 
those  from  Oxfordshire,  which  were  obtained  by  myself,  and  those 
from  West  End  Hill,  Bucks,  which  include  some  found  by 
Professor  Barroia  (see  list  in  his  Recherches,  p.  151). 


Pitteen. 

Beryx 

C(Mrax  falcatuB,  Ag  - 
ScspauorhjructauB  raphiodoii,  Ag. 

„      tubulata.  Ag. 
ProtoaphyrsDnft  leroz,  Leidy  • 
ElMmobrauch  Yertobra  • 
Flshecmlet       .... 


Totrern- 
hoe  Stone. 


Chalk 
above. 


8 


Cnthalopoda. 
Ammouites  [Acanth.]  Cuimlngtoni,  Skarpe 
[Uoplites]  falcatus,  Mant. 
[Haploceras]  leweBiensia,  Mant 
[Acanth.]  Maiitelli,  5oio.   - 
„         naviculuit,  Mant. 
„         rotomaffeiisia,  d^Orb. 
[Schloenb.]  yariani,  Stotc. 
„       Coiipel,  Brcngn. 
Anlaocerasarmatna?  Sow. 
Baculitei  baculoldea,  Jfant.   • 
TuiTllitM  coetatua.  Sow. 
..        grayeaianua,  d'Orb 
„        UMnttMi,  MaiU. 
„        tnberculatu*,  Bom. 
Actlnocamax  plenoa,  Btetnr.  • 
NautU  08  elegant,  Soif.    • 
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FoSSIIiS     FROM     THE     LOWEB     ChALK     OF     OXFORDSHIRE     AND 

BUCKTNOIIAMSHIRE.  —COntd. 


Gasteropoda. 
AporriiAit  carioatft,  Mant.     - 
ATellana  catBls,  <rt>rb. 
Natica  Tnlgarii  ?  Rnuu  - 
Plenrotomarla  sp.   - 
Solarium  sp.     •       •       •       - 
Troehos  or  Turbo    - 


LamelVbrttnch*ata. 
Area  carinata,  Sow. 
Anoellina  grypluDoldea,  Soto.  • 
Cardita  tennicosta.  Sow. 
Uionltes  (f  new  gp.) - 
Exogyra  haliotoldea,  Sow. 
InoceramuB  CvLfieri.Soic. 

H  latua,  aOr^K  non  Mant. 

„  mytUoidef ,  Sow.  • 

„  Btriatus,  5<n«. 

Lima  aspera,  Mant. 
„     elongata,  &nr. 
„     ploboea,  Sow.  .... 
„     echlnata?  Bth. 

Nucttlaip. 

Ottrea  canaliculata,  Sow. 
„     Dormaniana,  (f'Orft. 
„     ▼esicularis,  Lam.  • 
Pecten  Beareri,  Sow. 
„      elnogatua,  Lam.  - 
orbleularU,  Sow.  • 
(Neithea)6-oo8tatnp,  Soir.  • 
Plicatnla  inflata,  5St)tr. 
Pholadomya  decuaeata,  Ptiil. 


n 


Braehiopotla. 
Kingena  lima,  D^r. 
Khynchonella  C*uv!eri,  cTOrb.  • 

„  gjasiana,  d'Orb. 

„  mantelllana,  Sow. 

„  Martini,  Mant. 

„  plicatilit,  Sow. ' 

Terebratnia  semiglobota.  Sow. 

„  blpMcata,  Sow.    • 

Terebratnlina  r  jiata,  Wahl.  • 


Kehinodermata . 
Cidaris  hirudo,  iSSor^. 
Diacoldea  anbueulus,  KUin     • 
Hemlaater  Morrfai.  Forbet 
Uolaater  Itevit,  de  Lite    • 

„       BubgloboBU",  Letke   • 

„       trecensis,  Leym. 

A  nnelida. 
Serf  n*a  annnUta,  Remts  • 
„      umbonata,  Sow.  • 


Cnutacea. 
Enoploclytla  ap. 
Palnga  Carterl,  Woodw.  • 
Pollicipea  glaber,  Roemer 


Spongida. 
Brachlolitea  ap. 

Fhyroatella  intumeacena,  Roemer 
Plocoacyphia  ap. 
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Rock. 
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hoe  Stone. 
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above. 
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CHAPTER  XV. 

THE  LOWER  CHALK  IN  BEDFORDSHIRE  AND 

HERTFORDSHIRE. 

(tEneral  Descriition. 

Near  Dunstable,  in  Bedfordshire,  the  Ix)wer  Chalk  is  about  200 
feet  thick,  but  it  becomes  rather  thinner  to  the  northward,  and  is 
not  more  than  170  feet  between  Hitchin  and  Ashwell,  in  Heiis. 

Near  Dunstable  there  are  passage  beds  between  the  Upper  Gault 
and  the  Chalk  Marl,  but  throughout  the  rest  of  the  area  included 
in  these  counties  the  base  of  the  Chalk  Marl  is  marked  by  a  layer  of 
phosphate  nodules  (Cambridge  Greensand)  resting  on  an  eroded 
surface  of  Gault. 

The  zone  of  Ammonites  variant  is  about  80  feet  thick  near 
Totternhoe,  and  a])peai-s  to  consist  throughout  of  soft  marly  chalk. 

The  zone  of  Holaster  svbglobosiLs  has  at  its  base  a  conspicuous 
bed  of  Totternhoe  Stone,  which  is  sometimes  20  feet  thick  as  at 
Tottenihoe,  sometimes  divided  into  two  beds  by  an  intervening 
band  of  marl,  as  near  Hitchin. 

Tlie  rest  of  this  zone  seems  to  be  about  100  feet  thick  near  Dun- 
stable, but  is  not  more  than  80  feet  near  Hitchin  and  Baldock.  It 
consists  of  grey  chalk  in  the  lower  part  and  of  nearly  white  chalk 
in  the  upper  half.  There  is  occasionally  a  l^ed  of  hard  grey  mg 
with  large  brown  and  yellow  nodules,  but  it  seems  to  be  on  a  higher 
horizon  than  that  near  Tring. 

The  subzone  of  Actiiiocumax  pletius  presents  no  unusual  features 
except  that  the  central  hard  white  chalk  is  sometimes  replaced  by 
brecciated  grey  and  white  chalk. 

Stratiguaphical  Details. 
1.  Zone  of  Ammonites  varians. 

Chhritic  Marl  and  Coprolite  Bed. — At  Eddlesborough 
and  liaton  Bray,  on  the  border  of  Bucks,  the  Chalk  Marl  pisses 
down  through  soft  glauconitic  marl  into  the  Selbornian  siinds 
(see  Vol.  I.)  ;  and  greenish  micaceous  sand,  with  presumably  the 
same  upward  passage  into  Chalk  Marl,  can  be  traced  around  the 
low-lying  ground  between  Totternhoe  and  Tils  worth.  East  of 
this  the  Cretaceous  strata  are  concealed  by  Glacial  deposits,  and 
the  hise  of  the  Chalk  has  not  been  observed. 


LOWER  CHALK — KEDFORD  AND  HERTS, 


185 


-^  eo  oi  !-• 


QQ 


w 


o 

CO 

»^ 
»« 


o 

c 

o 

c 

•«^ 

o 

H 


!••! 


PC 

i 

o 

c 

Q 

»« 
a 


O 

c 

8 


0) 


0) 


o 


> 


I^ 
bl 

pSJ 

ii 

;3 

•1^ 

s 

o 

e8 

O 

_  ^ 

•*-• 

to 

30 

s 

o; 

o 

^ 

»-l 

;i; 

^ 

a 

■«J 

•*^ 

»^ 

«*n 

/^ 

l-H 

•5 

0) 

8 
1 

1 

1 

^i^ 

i 

5 

o 

.§ 

tii^ 

PC4 

o 

W 

IS 


s. 

Pu 


*    • 


cc 
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The  "  Coprolite-bed/'  or  Cambridge  Greensand,  sets  in  near 
Harlington,  and  was  worked  in  1874  between  the  villages  of  Sharpen- 
hoe  and  Barton.  The  following  account  of  the  section  exposed  in 
a  working  near  Sharpenhoe  is  quotcrf  from  my  paper  on  the  "  Rela- 
tions of  the  Gault  and  Cambridge  Greensand.*** 

The  beds  then  seen  were  as  follow  :  — 

{  Greyiah-white  raarl 

Greenish-grey  marl,  with  a  few  buff-colourod  phos- 

Chalk;     j       phatic  nodules    -        -. 4 

Marl.      \  Bluish  argillaceous  marl- 2 

I   Bluish-grey  sandy  clay,  with  green  grains,  many 

nodules  and  fossils 1 

Gault— Blue  Clay  below. 

Tlie  nodule-bed  is  "  the  representative  of  the  Cambridge  Green- 
sand,  but  its  appearance  is  very  different.  There  is  legs  sand  and 
glauconite,  and  most  of  the  coprolites  are  formed  of  a  lighter 
coloured  phosphate,  though  some  are  of  the  usual  black  colour ; 
These  latter,  however,  have  not  been  subjected  to  the  same  amount 
of  rolling  as  those  in  Cambridge«hii*e,  the  small  Ostrere  and  Plicatuhv 
upon  them  being  in  much  better  preservation,  and  fine  striations 
being  visible  on  the  latter  which  I  have  never  seen  before.** 

The  inference  from  these  facts  was  that  these  phosphate  nodules 
had  not  travelled  so  far,  but  were  nearer  their  original  source  than 
those  of  Cambridgeshire ;  this  source  being  the  Upper  Gault  marls 
which  still  exist  in  Buckinghamshu'e  and  extend  a  short  distance 
into  Bedfordshire,  but  are  cut  out  by  erosion  toward  the  north- 
east, though  they  may  extend  below  the  Clialk  to  the  eastward 
between  Hitchin  and  Ware. 

Coprolites  were  also  largely  dug  by  Higham  Gobion  and  Shilling- 
1x)n  l)etween  the  years  1868  and  1875,  and  again  at  Arlesey,  north  of 
Hitchin,  where  the  following  notes  were  taken  by  Mr.  Whitaker 
at  the  Arlesey  Cement  Works  in  1868  :-- 

The  Chalk  Marl,  8  to  12  feet,  passes  down  into  marly  clay  with  green 
grains  and  dark  nodules.  At  one  part  the  green  grains  occur  up  to  4 
feet  above  the  Gault,  but  in  the  weathered  part  of  the  section  the 
junction  Ixid  appears  as  a  pale  green  layer  of  2 J  feet,  the  nodules  being 
chiefly  in  the  bottom  part,  a  layer  resting  on  the  Gault.  The  Gault  is 
exposed  for  10  or  12  feet,  and  the  junction  is  well  marked,  with  a  very 
slight  southerly  dip. 

Writing  of  the  pits  which  were  opened  near  Ashwell  and  Morden 
l^tweer?  1866  and  1874,  Mr.  H.  G.  Fordliam  sayaf-"  The  bed  [i.e. 
Cambridge  Greensand]  is  from  18  inches  to  3 J  feet  in  thickness, 
and  varies  considerably  in  the  proportion  of  nodules.  It  graduates 
into  the  Chalk  Marl  above,  the  glauconite  grains  extending  higher 
than  the  nodules,  and  the  nodules  being  more  abundant  in  the 
lower  part  of  the  bed.'* 


Quart.  Journ.  Gcol.  St)o.,  1875,  Vol.  xxxi.  p.  262. 
Proc.  Geol.  Assf).?.,  Vol.  iv.  (187H),  p.  150. 
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Fossils  are  not  so  abundant  in  this  district  as  they  are  in  the 
coprolite  pits  near  Cambridge,  and  though  Mr.  Fordham  collected 
carefully  for  many  yeara,  he  only  obtained  about  forty  species  of 
Invertebrates  and  seven  or  eight  species  of  Vertebrate  remains. 

A  fuller  account  of  the  Cambridge  nodule-bed  will  be  given  in 
the  next  chapter,  but  it  may  be  observed  that  the  nodules  which 
were  dug  near  Shillington,  Arlesey,  and  Ashwell  were  mostly  black, 
and  have  clearly  l)een  derived  from  the  Gault.  The  common  and 
characteristic  species  are  such  iis  are  found  in  the  Gault  nodule- 
beds  of  Buckinghamshire  and  in  the  Upper  Gault  of  Folkestone  ; 
while  the  fossils  which  characterise  the  Chloritic  Marl  and  Rye  Hill 
sand  of  Wiltshire  and  other  southern  counties,  such  as  Am.  [SchL] 
fxtrianSy  Am.  [Acanth7\  Mantdliy  Pecten  asi)er,  Cucullcea  mailleana^ 
and  Ter^)ratdla  pectita,  have  never  been  found  among  these 
Bedford  and  Cambridge  "  coprolites." 

Ch'dk  Marl,— The  thickness  of  the  zone  of  Ammonites 
variaiis  appears  to  be  about  80  feet.  The  lower  part  Ls  a  dark  grey 
marl,  sandy  near  the  base,  drying  light  grey  ;  the  higher  jmrt  is 
a  grey  or  bluish-grey  calcareous  marl,  with  little  sand,  but  mixed 
with  fine  argillaceous  matter  in  variable  quantity.  No  l)eds  of 
hard  limestone  have  been  seen  in  this  district,  but  some  hard  cal- 
careous  nodules  occur  in  the  railway  cutting  near  Charlton,  north- 
east of  Dunstable.  These  concretions  are  hejivy  and  compact, 
resembling  septaria  in  having  cracks  filled  with  calc-spar  ;  some 
of  them  are  a  foot  in  diameter.  Thev  occur  in  two  lavers,  which 
dip  southward,  and  lie  al30ut  40  feet  below  the  Totternhoe  Stone, 
w^hich  is  seen  further  on  in  the  cutting.  They  are  embedded  in  soft 
grey  marl,  which  passes  up  into  a  bluish-grey  marl  below  the 
Totternhoe  Stone. 

Zone  of  Holaster  subglobosus. 

Totternhoe  Stone, — This  stone  attains  its  maximum  thickness, 
20  to  22  feet,  in  the  counties  of  Bedford  and  Hertford.  It 
has  been  quarried  in  many  places  as  a  building-stone  from  very 
early  times,  and  it  is  also  a  source  of  water-supply,  many  strong 
springs  occurring  along  the  line  of  its  outcrop,  and  giving  rise 
to  small  permanent  brooks,  by  the  side  of  which  most  of  the 
villages  are  situate.  Its  outcrop  generally  forms  a  slight  rise  or 
low  escarpment,  for,  being  firm  and  blocky,  it  resists  denudation 
better  than  the  soft  underlying  marl.  An  account  of  its  minute 
structure  will  l)e  given  in  Chapter  XXR'. 

The  bold  spur  which  juts  out  from  the  Dunstable  plateau  and  is 
crowned  by  the  fine  tumulus  of  "  Totternhoe "  (see  Fig.  44)  is 
pierced  by  numerous  galleries  driven  in  olden  times  to  win  the 
stone  which  crops  out  round  the  hill,  but  the  only  open  section  is 
a  quarry  on  the  northern  side,  and  when  stone  is  l:)eing  quarried 
the  following  beds  may  be  seen  :  — 
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ft. 

Firm  greyish-white  chalk -  5 

Tottern-  (  ^^^  ^^^^  sandy  stone  in  thick  beds     -        -        -  9 

y^       '  I  Hard  brownish  stone  in  two  massive  beds     -        -  8 
g.          1  Similar  stone  in  three  courses,  with  many  phosphatic 

^^'   ^     nodules  at  the  base 5 

Soft  marl  said  to  lie  below. 

The  middle  beds  are  those  usually  quarried,  and  they  are  traversed 
by  wide  vertical  joints,  into  which  the  hand  can  be  thi-ust,  and  by 
which  the  mass  is  broken  up  into  large  blocks  weighing  from  two  to 
three  tons  apiece.  All  the  beds  contain  the  characteristic  bits  of 
brown  phosphate,  but  the  upper  beds  are  less  hard,  and  flake  off 
more  easily  under  the  action  of  weather  and  frost.  The  upper 
surface  of  the  stone  is  fairlv  well  marked. 

Totternhoe  Stone  is  exposed  in  the  cutting  on  the  Midland  Railway 
near  Cliarlton,  and  in  a  small  quarry  above  the  cutting  on  the 
eastern  side. 

The  next  complete  section  through  the  stone-beds  is  in  the  large 
quarry  at  Arlesey,  north  of  Hitchin  and  south-west  of  the  Ciounty 
Lmiatic  Asylum.    The  section  seen  here  in  1884  was  as  follo^\'s :  — 

ft. 
Soil  and  clialk  rubble  .        -        .        -  3 

S        Hard  browniah-^rey  stone  in  tliick  beds,  with  many 
-g  «  1      fossils  -  -        -        -        -  10 

fe  ^  ,  Greyish  marly  chalk,  including -a  band  of  very  soft  marl     6 
-g*^  '  Very   hard   sandy   stone,  with  green-coated   nodules 
H  (phosphatic)  as  large  as  walnuts     -        -        -        -     1^ 

Soft  grey  sandy  clialk,  passing  into  soft  grey  marl  -        -        -     6^ 

27 

The  nodule  bed  at  the  base  of  the  stone  is  a  marked  feature  in 
this  section,  and  is  found  again  in  Cambridgeshire.  Subsequent 
excavations  here  (during  1886  and  1887)  showed  the  base  of  the 
Totternhoe  Beds  for  110  yards  inclined  towards  the  north-west 
at  about  7  °.  The  soft  grey  marl  below  was  proved  to  be  20  feet 
thick  at  the  south-east  end  of  this  section,  and  underlain  by  pale 
bluish  marl,  while  at  the  north-west  end  only  7  feet  of  grey  marl 
intervene  between  the  Totternhoe  Stone  and  the  blue  marl,  the 
surface  of  the  latter  being  nearly  level.  Hence  there  appears  to 
have  been  erosion  of  the  grey  marl  before  the  deposition  of  the 
Totternhoe  Stone,  resulting  in  the  formation  of  a  trough,  which 
was  filled  up  by  the  Totternhoe  Beds. 

Chulk  above  the  Totternhoe  Stone. — The  workable  stone 
generally  passes  up  into  light  grey  chalk,  of  which  there  is  usually 
about  35  or  40  feet ;  the  grey  passes  into  a  nearly  pure  white  chalk, 
the  change  often  taking  place  in  the  space  of  9  or  10  inches,  and 
this  white  chalk  has  a  different  microscopical  structure  from  the 
greyer  chalk  below  (see  p.  304).  In  Bedford  and  Herts  the  thick- 
ness of  this  white  chalk  does  not  vary  so  much  as  it  does  in  Bucks ; 
it  is  usually  from  20  to  25  feet  thick,  and  there  is  often  a  passage 
at  the  top  into  the  grey  marly  chalk  of  the  overlying  zone. 
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The  large  quarry  at  Totternhoe  showed  a  good  section  of  this 
zone  in  1886.  In  the  eastern  pit  where  the  Totternhoe  Stone  is 
quarried  the  overlying  chalk  is  very  Ught  coloured,  but  this  is 
probably  due  to  its  being  near  the  surface,  and  consequently  drier, 
for  in  the  higher  western  quarry  the  lowest  chalk  is  decidedly  grey, 
though  the  outcrop  of  the  Totternhoe  Stone  cannot  be  far  below 
the  floor  of  this  pit.  Of  this  grey  chalk  there  seems  to  be  about 
30  feet,  and  it  is  succeeded  abruptly  by  much  whiter  chalk,  of 
which  there  is  at  least  20  feet.  For  these  particulars  I  am 
indebted  to  Mr.  W.  Hill,  who  visited  the  place  after  I  had  seen  it, 
and  measured  the  thickness  of  the  grey  and  white  chalk.  He 
saw  it  again  in  1898,  and  found  the  quarry  much  enlarged. 
He  noticed  a  layer  of  yellowish  nodules  in  the  face  of  the  pit  at 
or  near  the  junction  of  the  grey  and  white  chalk.  There  is  a 
decided  dip  to  the  south-east,  but  it  was  difficult  to  estimate  the 
angle. 

The  chalk  of  this  zone  is  also  faii'ly  well  exposed  in  the  deep  rail- 
way cutting  near  Sewell,  and  in  the  cutting  for  the  main  road 
north-west  of  Dunstable. 

The  quarry  near  Ijeagrave,  by  the  railway,  two  miles  north-west 
of  Luton,  shows  about  20  feet  of  whitish  blocky  chalk  below  the 
Belemnite  marls ;  this  being  damp  looks  less  white  than  that  at 
Totternhoe,  but  it  dries  to  the  same  tint. 

Another  pit  about  a  mile  from  the  above  on  the  road  from  Tiea- 
grave  to  Sundon  exposes  one  of  the  curious  n(xlule  l)e(la  which 
occur  in  this  zone,  the  section  l)eing  :  — 

ft. 

Weathered  chalk,  greyish  and  gritty 2 

Hard  yellowish  flaggy  chalk,  with  some  yellow  nodules  -        -  2j 
Hard  grey  sandy  "  nig  "  with  green  grains  and  many  nodnles, 
some  brown  and  green-coated,  others  large  and  i)ale  yellow 

inside   and   out 1 

Tough  grey  marly  chalk seen  for  1 

It  will  be  noticed  that  this  siic^^ession  is  very  like  that  at  Ivinghoe, 
near  Tring  (see  p.  181).  but  the  Sundon  pit  seems  rather  nearer 
the  top  of  the  Lower  Chalk.  It  is  just  possible,  however,  that  it  is 
the  same  bed,  and  that  there  is  a  less  thickness  of  white  chalk  above, 
due  to  loe^U  erosion,  as  at  Butler's  Cross,  in  Bucks  (see  p.  180). 

At  Hitchin  the  upper  part  of  the  zone  is  exposed  in  the  large 
quarry  by  Grove  Mill.  The  Belemnite  marls  are  seen  at  the  top, 
and  there  is  about  30  feet  of  blocky  chalk  below,  25  feet  of  this 
being  white  and  the  lowest  15  grey,  the  change  taking  place 
through  a  few  inches  of  streaky  grey  and  white  chalk.  The 
complete  section  is  given  ofi  p.  200.  and  is  one  of  the  best  in  the 
county. 

The  Totternhoe  Stone,  with  from  30  to  35  feet  of  the  overlying 
grey  chalk,  may  be  seen  in  a  quarry  nearly  a  mile  west  of  Ashwell, 
where  the  stone  was  formerly  quarried.  Some  fossils  have  l)een 
obtained  here  l)v  Mr.  H.  G.  Fordham. 
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The  top  of  the  zone  is  again  seen  in  a  quarry  three-quarters  of 
a  mile  S.S.E.  of  Litlington  Church.  The  section  is  given  on  p.  199, 
and  it  is  noteworthy  that  about  6  feet  from  the  top  there  is  a  layer 
of  liard  gritty  chalk  with  green  grains  and  green-coated  nodules, 
very  like  the  bed  at  Sundon,  and  certainly  at  a  higher  horizon 
than  the  Ivinghoe  Rag,  for  there  are  no  signs  of  erosion  here. 

Belemnitc  Beds. — These  beds  are  exposed  in  many  of  the 
quarries  and  sections  where  the  Melbourn  Rock  is  seen;  as,  for 
instance,  in  the  quarry  by  the  railway  south-east  of  Jyeagrave, 
near  Luton,  which  sho^\T3  :  — 

ft. 
Melbourn    Rock 8 

I  Yellowish-grey  shale,  with  a  few  nodules  of  hard 
chalk 1 
Hard  compact  white  chalk 2 
Thin  layer  of  grey  shale  (2  inches)  -        -        -        -    — 
Blocky  whitish  chalky  streaked  with  grey  in  the  upper  two 
feet seen  for    22 

Tlie  central  bed  of  white  chalk  is  here  unusallv  thick,  and  the 
lower  marl  thinner  than  usual. 

One  of  the  best  sections  of  the  upper  part  of  the  Ix)wer  Chalk, 

including  the  Belemnite  l>and  and  the  base  of  the  Melbourn  Rock, 

is  exposed  in  the  large  quarry  by  Grove  Mill,  one  mile  south-east 

of  Hitchin.    This  has  been  cut  back  considerablv  since  the  WTiter 

saw  it,  and  he  is  indebted  to  Mr.  W.  Hill  for  the  following  account 

of  the  section  now  visible  :  — 

ft.  in. 

Soil  and  rubble    -        -        -        - 10 

Hard  rough  white  chalk  (base  of  Melbourn  Rock)    -        -  2     0 

/Irregular  bed  of  buff -coloured  laminated  marl, 

Belemnit€  j     with  lenticular  courses  of  hard  whitish  chalk  1     3 

Beds.     jHard   smooth   white   chalk       -        -        -        -  1   10 

lOrey  laminated  marl 0     4 

rj          p  ^Smooth  blocky  greyish-white  chalk    -        -        -  1     G 

'J?"^^   Thin  marly  layer 0     3 

f;  *'*^'l  Thick-bedded  whitish  chalk      .        -        -        -  25     0 
gfofM^sw.  Ip^j^  gj.^y  ^j^^jj^^  jj^  ^^^^  l^^jg    _        _        _        .  15     0 

At  the  spot  where  these  measurements  were  taken  the  lower 
marl-bed  is  very  thin,  but  a  few  yards  to  the  eastward  it  thickens 
and  becomes  a  well-marked  bed.  About  20  feet  below  this  marl 
there  is  a  band  of  brown -stained  chalk,  which  extends  for  some 
distance,  but  dies  out  to  the  southward.  Above  it  is  a  thin  seam 
of  brownish  clay  washed  in  from  the  surface. 

Another  good  section  is  in  a  quarry  west  of  Willbury  Hill,  near 
Hitchin,  where  the  lower  marl  has  its  ordinarv  thickness  of  10  or  12 
inches,  and  the  zone  as  a  whole  is  3  J  feet  thick.  It  was  also  exposed 
when  the  cutting  on  the  Great  Northern  Railway  at  Cadwell  was 
being  widened  in  1885,  and  here  the  comjmct  white  chalk  is  replaced 
by  "  marbled  chalk,"  greyish  with  included  lumps  of  white  :  fossils 
are  very  abundant  in  this  bed,  especially  TcrehratuIcFy  Rhynchonella 
plicatilis,  Osfrea  veaicularis,  and  Actinocarrvax  pleniLs,  but  are  almost 
all  broken.  The  upper  marl  is  also  thicker  and  more  calcareous 
than  usual,  the  three  l>eds  having  a  united  thickness  of  4J  feet. 
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The  Belemnite  marls  are  again  to  l^e  seen  in  the  chalk-pit  at 
Ashwell,  but  do  not  present  any  features  of  a  special  character, 
except  that  the  lower  bed  is  a  greenish-grey  marly  chalk  passing 
down  into  rather  rough  white  chalk. 

List  of  Fossils  from  the  Lower  Chalk  op  Bedfordshire 

AND  Hertfordshire. 


In  the  following  list  tlie  localities  are  indicated  by  letters  in 
each  column,  and  these  locahties  are:— 

rTotternhoe  quarries  (t). 
Bedford- J  The  railway  cutting  at  Chalton,  north  of  Lutou  (c). 
shire.    '  The  quarry  by  the  railway  near  Leagrave  (1) 
.  A  quarry  south-west  of  Sundou  (s). 
rThe  quarries  at  Arle«ey,  near  Hitchin  (a). 
Herts.  -[  The  other  quarries  near  Hitchin  (li). 
I  The  quarry  at  Ashwell  (w). 

The  fossils  from  Chalton  cutting  were  collected  by  Mr.  J.  Saunders,  of 
Luton,  and  were  named  by  me.  (See  his  paper  in  Geol.  Mag.,  Dec.  3,  Vol. 
VII.,  p.  126,  1890.) 

Those  from  Arlesey  and  other,  quarries  near  Hitchin  are  in  the  collection 
of  Mr.  W.  Hill,  and  most  of  them  were  identified  by  me,  but  the  fish  have 
been  examined  and  named  by  Mr.  E.  T.  Newton. 

Those  from  the  other  localities  were  principally  collected  by  Mr.  J.  Eliodcs 
for  the  Geological  Survey,  and  were  named  by  Messrs.  Sharman  and  Newton. 


VarUns 
Zone. 


Reptilia. 
Ichthyoeaoriis  campylodon,  Carter 
Ignmnodoo  BiUI,  Aewton  • 
rol>ptjG^odon  intemiptiu,  Owen 


Pieces. 
Beryx  (whole  fish)     .       .       .       . 
Cimolichthys  striatTU  ?  Ag. 
DvceUfl  eloogatUB,  Ag.  (whole  fish) 

EdapbodoD,  sp. 

Lamna  appendioalata  Ag. 
Macropoma  sp.  (fish  and  coprolites) 
Notidaniu  microdon,  Ag. 
Oxyrhina  Mantelli,  Ag. 

sp.      -       -       • 
Protosphyriena  ferox,  Leidy     • 
Ptychodas  decurrens,  Ag. 
Soapanorhynchns  sttbttlatus,  Ag. 
Tomognathus  mordax,  Dixon  • 
Fish  remains  and  ooprolitet    - 


Tottern- 
'loe  Stoue. 


Ammonites 


» 


»» 


Cephalopoda. 
[Haploceran]  Ansteni,  .SAarpe 
'Acanth.]  cenomanensis,  d^Arch 
^  "  Mantelli,  Sow. 

navlcularis,  Mant. 
.      ,.     J  rotomaffeusis,  (f  Ord. 
^Schloenb.l  Tai1ans,5ow.  '• 
„  [     „        TConpei,  Brongn. 

Baculites  baculoides,  mant.     • 
Scaphites  a&qaalis,  Sow.    .... 
Tunilites  graTesianos,  d'0r6.   • 
„         Mantelli,  Sharpe 
„        scheuchserianns,  d'Or{>. 
Actinocamax  lanoeolatns,  Soir. 
„  plenns,  Blaino.  - 

Nautifns  atlas  ?  Whit.    .... 
„        elegans,  Sow.     .... 


sp. 


a 
c  a 
c  a 


c  a 


tea 
t     a 


a 
t 
tea 


Chalk 

iibove 
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CHAPl'Ell  XVI. 
THE  LOWER   CHALK   IN   CAMBRIDGE  AND   SUFFOIJ^. 

General  Descriition. 

The  thickneH8  of  the  Lower  Chalk  in  Canibridgesliire  is  between 
160  and  170  feet,  but  owing  to  the  low  elevation  and  undulatmg 
character  of  the  ground  it  covei-s  a  considerable  area  ;  there  are 
also  several  outlying  tracts  of  it  on  the  noilh-western  side  of  the 
Cam  valley. 

The  Zone  oj  Ammonites  varians,  or  Chalk  Marl,  lias  the  Cam- 
bridge Greensand,  or  "  Coprolite  Bed,"  at  its  bise  throughout  the 
county.  This  passes  up  into  soft  bluish-grey  marl,  succeeded  by 
firmer  blocky  marl,  or  "  clunch,''  as  it  is  loctiUy  termed  ;  the  comj)let« 
thickness  of  the  zone  being  from  60  to  70  feet.  Whether  this  bed 
is  the  precise  equivalent  of  the  Chloritic  Marl  of  the  South  of  England 
is  difficult  to  say,  because  neither  Stauro^ienva  Carteri  nor  TurrUites 
Morriifi  have  yet  been  found  in  it. 

The  Totlernlioc  Stone  continues  in  full  force  all  across  the 
county,  and  has  been  quarried  in  many  places  for  building-stone. 
It  varies  in  thickness  from  12  to  20  feet,  and  its  outcrop  forms  a 
distinct  feature  or  rise  in  the  ground. 

.  The  rest  of  the  zone  of  HolaMer  svbglohosus  is  about  80  feet  thick. 
As  in  the  other  counties  north  of  the  Thames,  it  consists  of  greyish 
chalk  in  the  lower  part  and  neariy  white  chalk  in  the  upj)er  part, 
the  change  from  one  to  the  other  being  rapid.  The  whole  C'Onsists 
of  blocky  chalk  with  curvihnear  jointing,  and  without  any  clear 
bedding  planes.  The  Belemnite  Marls  at  the  summit  exhibit  the 
usual  Midland  aspect,  consisting  of  layers  of  marl  with  an  inter- 
vening course  of  white  chalk. 

Stratigraphical  Details. 
The  Cambridge  Oreensand,  or  Coprolite  Bed. 

This  lies  at  the  base  of  the  Chalk  Marl,  and  rests  on  an  uneven 
and  eroded  surface  of  the  Gault.  A  full  account  of  this  bed  and 
its  contents  is  given  on  the  memoir  on  the  "  Neighbourhood  of 
Cambridge,"  *  to  which  the  reader  is  referred  for  details,  only  a 
r&um^  of  the  more  important  points  being  here  given. 


*  Qeolo<?y  of  the  Neighbourhood  of  Cambridge,  Mem.  Geol.  Survey 
1880,  by  W.  H.  Penning  and  A.  J.  Jukes-Browne. 
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As  an  instance  of  the  inegularity  of  the  Burface  on  wliiuK  tlie 
jaae  of  the  Chalk  rests  near  Gambiidge,  Kg. 4*1  is  reproduced  from 
I.  37  of  the  nieinoii-  above  quoted.    Tlie  broken  line  shows  the 


Fig.  45.  -Section  acrosa  the  fields  N.E.  of  Haslingfield. 

Scale  horizontal  and  vertical  300  feet  to  on  inch. 

a.  Chalk-marl  and  coprolite-bed.    b.  Gault. 

The  broken  line  shows  the  former  continuation  of  the  coprolite-bed. 

former  continuation  of  the  basement  bed  before  the  general  detritiou 
of  the  country  hid  been  carried  to  the  ])reflent  stage.  The  summits  of 
the  Gault  ridges  are,  in  fact,  truncated  by  the  present  surface 
of  the  ground,  and  when  the  district  was  worked  for  "  coprolitee  " 
these  email  inliers  of  Gault  land  formed  what  the  workmen  termed 
"  patches  of  dead  ground  "  within  the  productive  area. 

Smaller  rotlw  could  often  be  seen  in  the  trenches  of  the  coprolite 
workings,  forming  ridges  which  sometinieB  rose  to  a  height  of  5  or 
6  feet  above  the  intervening  hoUou's  (see  Fig.  40). 


sge 


Fici  46.— View  of  a  coprolite  pit  near  Horningsea.  (now  closed) 
tf.  GuuU.  J.  Cambridge  Greensand.      c.  Chalk  Marl. 

The  matrix  of  the  Cambridge  Greensand  ia  a  green  sandy  marl, 
the  sand  consisting  principally  of  glauconite  p^raina  with  a  small 
number  of  minute  quartz  grains.  The  proportion  of  sandy  matter 
is  greatest  at  the  base,  the  bottom  5  or  6  inches  of  the  deposit  often 
liaving  more  glauconite  than  marl ;  upwards  the  green  grains 
rapidly  decrease  in  number,  and  generally  disappear  at  a  height  of 
from  2  to  3  feet  abo^'c  the  base. 
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Tlie  phuH[)hati('.  ncxlulefl  or  "  coprolites  "  are  thickly  crowded  in 
the  h:)\ver  }>art  of  tliis  glaucouitic  marl,  a  few  sciattered  noduleH 
occurring  in  the  higher  part,  but  not  reaching  so  high  a«  the  gic  en 
grains  do.  The  usual  thickness  of  the  nodule-bed,  as  distinguished 
from  the  Greensand,  Ls  8  or  9  inches,  but  in  some  of  the  hollows 
and  troughs  it  reaches  a  thickness  of  12  inclie«,  or  even  more. 

The  nodules  themselves  are  mostly  very  dark  bro\Mi  or  nearly 
black,  but  are  intei-nally  of  a  light  brown  or  butf  colour;  amongst 
them,  however,  are  some  few  of  a  dull  buff  colour  both  inside  and 
outside.  A  good  aggregate  sample  of  (Cambridge  **  co]  i-c  litt^ " 
contains  about  57  or  58  per  cent,  of  tril>asic  phosphate  of  lime, 
with  11  or  12  j)er  cent,  of  carbonate  of  lime  and  from  13  to  15  \yev 
cent,  of  silicates  (clay,  glauconite,  etc.) ;  variable  amounts  of  sul- 
phate and  fluoride  of  lime  are  also  present.  The  following  is  the 
compasition  of  asiimple  calculated  from  an  analysis  by  Professor 
A.  Voelcker,  assuming  that  the  amount  of  fluorine  present  was 
1*50  per  cent.,  for  in  the  analysis  it  wa«  not  separated  from  the 
sulphuric  acid  * :  — 

Moisture  and  organic  matter 4*01 

Phosphate  of  lime 58*39     . 

Carbonate  of  lime 11*6(> 

Sulphate    of   lime 7 '05 

Fluoride  of  lime         -        -  .        .        .  -  3*07 

Silicates  (clay,  glauconite,  etc.) 15*20 

99*98 

Many  of  the  nodules  are  simply  casts  of  different  kinds  of  Mol- 
lusca,  Echinoderma,  Ci-ustacea,  and  Corals,  \vith  more  or  less  of  the 
calcareous  test  adhering.  Among  the  others  phosphatised  casts  of 
Hillc^u^spongeii  (Ventriculites  and  others)  are  common,  and  many 
of  the  comimratively  amorphous  nodules  aj)pear  to  l>e  really  phos- 
])liatised  8]K)nge«.t  True  coprolites  or  the  exuviae  of  Hsh  and  reptiles 
oi-<;urocx;asionally  ,but  are  rare,  and  always  of  a  bright  bro\\Ti  colour. 
Manv  of  the  nodules  are  covei*ed  with  the  attached  valves  of  small 
Oystei-s  and  Plicatultv,  showing  that  they  lay  for  a  long  time  on 
the  sea-Hoor. 

The  phosphatised  fr^ls  are  all  of  species  which  occur  in  the  Gault 
of  England  and  France,  except  a  few  which  have  not  yet  been 
found  elsewhere,  and  the  most  common  and  characteristic  species, 
such  as  the  Am.  [Schtcenb.]  rostratus,  Am,  [Hoplites]  aurUns, 
Am.  [HopL]  splciidenSy  are  forms  which  specially  characterise  the 
upper  and  middle  portions  of  the  Gault  in  those  areas  where  the 
so-called  Upper  Greensand  is  slenderly  developed. 

Finally,  the  nodule-bed  which  occurs  at  the  l>a8e  of  the  Upper 
Gault  of  Bucks  (described  in  Vol.  I.)  contains  similar  nodules  and 

*  Prof.  Voelcker  states  that  the  amount  of  calcium  fluoride  is  generally 
3  or  4  per  cent.,  and  that  in  many  commercial  analyses  it  is  precipitated 
with  the  phosphate  of  lipe. 

+  Sec  Prof  Sollas  in  Quart.  Joiirn.  Gcol.  Soc,  Vol.  xxix.  p.  76  (1878). 

i219.  O 
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the  same  assemblage  of  common  fassiln  as  thase  of  the  Cambridge 
Greensand.  Hence  both  the  stratigrapliical  and  tlie  jmlaeonto- 
logical  evidence  lead  unmistakably  to  the  conclusion  that  the 
nodules  of  the  Cambridge  bed  have  l^een  derived  from  the  Gault, 
and  principally  from  l>etls  of  lJpj)er  Gault  like  the  upper  marls  of 
Buckinghamsliire,  which  we  may  reasonably  supjxjse  originally 
extended  noi'thwards  and  eastwards  over  the  w^hole  area  that  is 
now  occuj)ied  by  the  Cambridge  (Jlreensand. 

Besides  the  phosphatic  ncxlules  other  foreign  bodies  occur  here 
and  there  in  the  shape  of  detached  rock-fragments,  which  are  some- 
times of  considerable  size.  They  include  pieces  of  red  and  purple 
sandstone  resembling  those  of  Devonian  and  Old  Red  Sandstone 
age,  others  of  grey  sandstone  like  Carboniferous  sandstones,  of  soft 
schist  and  hard  grey  slate,  of  quartzite  and  hornstone,  with  many 
varieties  of  igneous  rocks— granite,  (iuai*tz-porphyry,  basalt, 
hyperite,  and  obsidian. 

Some  of  the  softer  rocks  are  waterworn,  but  the  great  majority 
are  angular,  and  some  are  remarkably  so,  resembling  the 
angular  blocks  of  a  glacier  moraine.  They  vary  in  size  from  a 
mere  j>ebble  up  to  a  block  measuring  14  x  12  x  6  inches.  Oystera, 
Plicatvlcp,  and  phosphatic  nodules  are  attached  to  their  surfaces, 
and  some  at  any  rate  seem  to  have  been  dropped  in  the  Gault  mud 
when  the  phos])hates  were  being  formed.*  The  source  from  which 
they  were  derived  will  \ye  discussed  in  a  later  chapter. 

Besides  the  derived  fossils,  there  are  a  certain  number  of 
contemporaneous  species  in  an  ordmary  state  of  preservation. 
A  list  of  thess  is  given  at  the  end  of  the  Chapter. 

Tlie  main  outcrop  of  the  Cambridge  Greensand  follows  very 
closely  the  line  of  the  valleys  of  the  Rhee  and  Cam  to  a  point  nearly 
opposite  Waterbeach,  where  it  passes  beneath  the  Fenland.  It  has, 
however,  been  worked  out  beneath  the  alluvial  deposits  of  Swaft- 
liam,  Burwell,  and  Soham  Fens,  the  most  easterly  pits  observed 
when  the  area  w^as  surveyed  being  about  two  miles  north-east  of 
Soham.  There  can  be  little  doubt  that  it  continues  beneath  Milden- 
hall  and  Lakenheath  Fens,  but  how  far  the  nodule-bed  extends 
is  at  present  unknown. 

The  Chalk  Marl. 

The  lower  ])art  of  the  Chalk  Marl  or  zone  of  Ammoniics  varians 
is  generally  a  lumpy  bluish-grey  marl,  somewhat  argillaceous, 
but  containing  from  60  to  70  per  cent,  of  carlwnate  of  Ume.  (See 
analyses  in  Chapter  xxii.)  The  higher  part  is  a  blockyand  marly 
chalk,  probably  containing  over  80  per  cent,  of  c>arbonate  of  lime. 

The  lower   beds  have  been  exposed  from  time  to  time  in  the 


•  Mr.  H.  Woods  has  recorded  (God.  Ma^.,  Dec.  4,  Vol.  ii.  p.  377)  the 
occurrence  of  two  angular  boulders  of  coarse-grained  quartzito  in  the 
nodule-bed  at  the  base  of  the  Upper  Gault  at  Stanbridge,  in  Bedfordshire, 
and  smaller  stones  haVe  been  found  in  the  Gault  at  Barnwell,  near 
Cambridge. 
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numerous  "  coprolite  pits,"  and  good  sections  can  still  be  seen  in  the 
trenches  open^  to  obtain  material  for  the  Cement  Works  at  Shep- 
reth,  Biirrington,  and  other  places  south-west  of  Cambridge. 
Besides  these  there  are  few  permanent  exj)osures  of  the  Chalk 
Marl.  One  of  the  best  is  in  a  quarry  south-east  of  Kingston, 
which  is  not  far  above  the  base,  and  shows  al>out  20  feet,  with 
two  definite  beds  of  grey  sandy  chalk,  an  unusual  oc<5urrence  : 
the  section  seen  here  in  187G  being:  — 

ft. 

Rubb'v  chilk -        -        -    5 

Grey  s^ndy  chalk -        -        -H 

Riibbly  chalk  marl    -------  -    3 ' 

Orey  sandy  chalk ij- 

Hard  block  v  chalk  marl 10 

Tlie  middle  beds  of  i\^e  Chalk  Marl  are  exposed  in  a  quaiTy  half  a 
mile  W.S.W.  of  Harlton,  and  consist  of  loose  greyish  marl  con- 
taining Rhynchonclla  Martini  and  other  small  Braehiopods. 

The  highest  l^eds  are  well  seen  in  the  large  quarries  near  Beach. 
About  30  feet  are  sho^^^l  here,  the  higher  part  consisting  of  tough 
blocky  greyish-white  marly  chalk,  passing  down  into  softer  and 
darker  grey  marl,  and  finally  into  bluish  slialy  marl,  of  which  3 
or  4  feet  are  seen ;  these  lower  lieds  are  full  of  fossils,  and 
Inoccramus  latus  (d'Orb.)  is  common  throughout. 

The  position  of  these  quarries  and  the  undulation  of  the  beds 
which  brings  in  the  small  tracts  of  Totternhoe  Stone  at  Reach  and 
Burwell  are  shown  in  Fi^r.  47  : 

Road  near  Devils  Burwell 

Reach.  Quarrj'.       Dyke.  Stream.  Mill. 


Fiii.  47.     Diagram-section  from  Reach  to  Burwell. 
Horizontal  Scale  2  miles  to  an  inch.    Vertical  Scale  200  feet  to  an  inch. 

a.  Totternhoe  Stone,     b.  Chalk  Marl. 

(Frcm  Memoir  **0n  the  Geology  of  Cambridge,"  Fig.  9.  p.  45.) 

A  boring  made  for  the  Ely  Waterworks  at  Isleham  proved  the 
Chalk  Marl  to  be  over  70  feet  deep. 

In  Suffolk  the  groatei'  part  of  its  outcrop  or  **  basset  surface  " 
is  concealed  by  a  luvium  and  blown  sand. 

4219.  ^  - 
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The  Totternhoe   Stone. 

The  oukrop  of  this  stone  entera  Cambridgeshire  a  httle  east  of 
Ash  well,  and  its  base  is  seen  in  a  clunch-pit  east  of  Shepreth,  the 
basement  bed  enclosing  a  number  of  hard  green-coated  nodules, 
which  consist  of  marly  chalk  indurated  by  the  infiltration  of  a 
certain  amount  of  phosphate  of  lime. 

The  top  of  the  Totternhoe  Stone  is  exix)sed  at  the  bottom  of  the 
large  quarries  at  Cherry  Hinton,  and  some  depth  of  it  was  formerly 
worked  for  building-stone,  but  only  4  or  5  feet  are  now  visible. 
There  is  no  definite  upper  limit  to  the  stone,  but  a  gradual  passage 
from  rough-feeling  greyish-brown  stone  into  compact  grey  chalk. 

The  best  sections  of  the  Totternhoe  Stone  as  a  w^hole  are  to  be 
found  in  the  pits  at  Burwell,  about  half-way  between  Cambridge 
and  IfildenhaU.  Here  it  has  long  been  worked,  and  is  still  occa- 
sionally quarried  for  building-material  and  for  mouldings  in  the 
interior  of  churches.    The  upper  beds  are  exposed  in  the  quarrj* 

near  the  church,  and  the  section  seen  here  in  1878  w^as  :— 

ft. 

Soil  and  chalk  rubble 4 

Thin-bedded  greyish- white  chalk    -       -       -       -       -       -  10 

Totternhoe  ^^^^  brownish-grey  stone  projecting  in  the 

Stone            weathered  face  of  the  pit 3 

Softer  grey  stone  in  thick  beds  -       -       -    seeu  for  10 

27 

The  uppermost  bed  is  chilled  the  "  lx)nd  **  or  **  bond-stone  "  l)y 
the  workmen,  and  makes  the  best  building-stone.  The  lower  beds 
are  now  generally  burnt  for  lime  ;  they  are  said  to  be  more  than 
15  feet  thick.  Fossilsareabundant,  and  Am.  [Acanf A 00(^08]  rofor/ia- 
yensis  is  especially  conmiou  in  the  "  bond.'' 

In  the  Victoria  Quarry,  to  the  north,  the  lower  i>art  of  the  stouo 
is  exposed,  with  the  basal  nodule-ljed  resting  on  Chalk  Marl  and 
dipping  at  about  3**  to  the  westward.  The  following  section  was 
taken  along  the  north  face  of  the  pit  in  1878  :  — 

ft. 
Rather  hard  grey  Totternhoe  Stone,  with  a  nodule  bed  at  the 

base,  varying  in  thickness  from  6  to  12  inches,  -        -  about     13        ' 
Tough  marly  and  blpcky  chalk-marl 15 

The  nodules  are  c-alcareo-phosphatic,  brownish  inside,  but  gene- 
rally green  outside ;  they  are  of  all  sizes,  from  that  of  a  pea  to  a 
medium-sized  potato,  iiTegularly  oval  or  kidney  shaped,  and  ofton 
bear  the  attached  valves  of  small  ovsters  and  Plicatulcc,  This 
nodule-bed  is  called  "  brassil  "  by  the  workmen,  and  is  carted  away 
for  road  metal,  the  rest  of  the  stone  as  well  as  the  Chalk  Marl  being 
burnt  for  hme.  Analysis  shows  that  the  Totternhoe  Stone  here 
contains  about  86  per  cent,  of  carbonate  of  hme. 

The  same  nodule-bed,  with  a  few  feet  61  the  oAerhing  stone, 
was  once  exposed  at  the  south-westeru  corner  of  the  large  quarries 
at  Reach. 
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The  Totternhoe  Stone  is  also  quarried  at  Islehara,  G  miles  north- 
east of  Burwell,  the  upper  beds  being  seen  in  the  quarry  south  of 
the  church  ;  here  the  massive  blocky  stone  is  overlain  by  2  or  3  feet 
of  hard  rough  grey  chalk,  in  several  irregular  beds,  the  material 
being  a  mottled  mixture  of  dark  and  lighter  grey  chalk.  Above  is 
firm  greyish-white  chalk,  and  there  is  nothing  like  the  "  bond '' 
course  of  Burwell. 

Chalk  above  the  Totternhoe  Stone. 

As  the  Belemnite  marls  are  frequently  exposed  in  pits  which 
also  show  more  or  less  of  the  underlying  chalk,  it  will  be  convenient 
to  take  them  together,  instead  of  separately.  The  first  good  section 
in  Cambridgeshire  is  in  a  quarry  about  half  a  mile  south  of  Titling- 
ton,  and  the  chalk  is  so  worked  that  the  two  faces  of  the  pit  form 
two  sides  of  a  triangle,  the  apex  of  which  points  N.N.E. 

On  the  easterly  side  the  section  is  :  — 

ft. 

Mel  bourn    Rock     -  -  -  -        -        -  10  J 

I  Grey  marly  chalk,  passing  down  into  laminated  marl       2 
Hard  fjrey    and   white  **  marbled    rock,"   contaiiiing 
Acttnocamax  plenus  and  other  fossils    -        -        -       1 
Greyish  marly  chalk,  passing  into  that  below    -        -       2 
Rather  hard  white  chalk  (see  p.  190)     -  -        -        -        -       6 

Gritty  chalk  with  green-coated   nodules  -        -  1 

Whitish  chalk  below. 

The  "  marbled  rock  "  or  chalk  conglomerate  thins  out  toward 
the  apex  of  the  triangle,  and  the  upper  marl  thickens  somewhat, 
so  that  along  the  northern  face  the  zone  consists  entirely  of  grey 
marly  chalk  and  shaly  marl,  and  is  nearly  5  feet  thick. 

Another  good  exposure  is  in  a  quarry  south  of  Melboum,  where 
the  dip  is  5**  to  the  south-bv-east,  and  the  beds  seen  are  :— 

ft. 

Melbourn  Rock  and  chalk  above 17^ 

Tj^i  [Buff  laminated  marl 1 

\        I  Grey    marly    chalk 2 

t!"5®      iHard  compact  white  chalk 2 

^^^-      [Grey  marly  chalk Ij 

White  chalk,  rising  to  the  north-west,  and  seen  for  about       -    26 

50 

The  Belemnite  Beds  are  here  unusually  thick  (6^  feet),  and 
at  the  northern  end  of  the  pit  the  compact  white  chalk  passes 
into  the  breccia  ted  nodular  condition  above  described.  In  another 
pit  only  a  quarter  of  a  mile  from  the  above  this  band  has  its  normal 
thickness  (little  more  than  3  feet)  and  its  usual  composition. 

These  beds  are  seen  again  in  a  pit  on  Maggots  Mount,  near 
Harston,  where  they  have  a  thickness  of  5  feet  or  more. 

A  quarry  on  Steeple  Hill,  north-east  of  Shelf ord,  gives  a  gcKxl 
section  of  the  upper  part  of  the  Lower  Chalk.  The  beds  seen  in 
the  upper  level  are  :  — 
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ft. 

Melbourii  Rock -    0 

Belem-    1^'*^^  laminated  marly  chalk 1 

nite      /Hard  compact  and  smooth  white  chalk,  witli  Rhyncho- 


Beds. 


nella  and   (htrea  vesicular  is Ij 

Soft  laminated  marly  chalk    -        -  -        -        -    1 

Blockv  white  chalk        -  .  .        .    seen  for    5 


In  the  lower  level  25  to  30  feet  of  creamy  white  blockv  chalk 
is  seen,  containing  Am.  [Amnth.]rot(magen8i$,  Holuster  subglobosus, 
Hoi.  trecen^,  Pecten  Beaveri,  and  other  fossils. 

The  most  complete  exposure  of  the  zone  of  Holastcr  svbglobosus 
is  in  the  large  quarry  at  Cherry  Hinton,  near  Cambridge.  The 
highest  level  of  this  shows  the  basal  marl  of  the  Act.  plenu.^  band  and 
about  30  feet  of  tough  blockv  chalk,  of  a  creamy  white  tini  i^  hen 
damp  but  di*ying  nearly  white.  In  the  middle  stage  of  the  quarry 
about  25  feet  of  rather  hard  whittj  and  vellowish-white  chalk  is 
seen,  in  which  H oldster  svbglobosus  is  very  common.  The  lowest 
level  shows  about  15  feet  of  greyish-white  chalk  overlying  the 
Totternhoe   Stone. 

The  total  thickness  appears  to  be  about  70  feet,  and  of  this  the 
upp6r  50  feet  consist  of  white  or  nearly  white  chalk,  which  is 
more  than  usual  ;  lenticular  bedding  or  jointing  is  developed 
in  a  very  marked  manner  tlu'oughout  the  whole  zone. 

Some  10  or  12  feet  of  the  grey  chalk  overlying  the  Totternhoe 
Stone  is  exposed  in  the  more  southern  quarries  at  Burwell,  but  the 
whiter  clialk  is  not  reached. 

There  is  a  remarkable  section  in  a  quaiTy  near  West  Row,  west  of 
Mildenhall,  in  Suffolk,  for  the  beds  exposed  differ  from  any  elsewhere 
seen,  and  contain  a  band  of  red  chalk  like  those  of  Lincolnshire. 

The  complete  section  ^^sible  here  in  188G  was  as  follows  :— 

ft. 
Chalky  soU 1 

Rough  yellowish  chalk,  weathered   -        -        -        -  -    4 

Red  marly  chalk,  brick-red  at  top,  lighter  red  below  -    4 

Greyish-white  chalk,  marly  and  platy,  containing  lenticular 

lumps  of  hard  chalk     -       -        - Ij 

f    Hard  grey  rocky  and  nodular  chalk     -  -  ii 

Soft  grey  marly  chalk 2 

Very   hard  grey   nodular  chalk  (Am.  [Haploceras]  Austeni, 

Actinocaniax  plenus,  and  TerehratiiM  semirjlobosa)       -        -     1 

Thin-bedded   whitish   chalk •     '-^i 

Hard  greyish  chalk 2 

Softer  thin-bedded  chalk  (Holaster  subglobosus)  0 

Hard   lumpy   yellowish    rocky   layer      -        -  ^ 

Softer  chalk  below,  according  to  the  workmen.  — 

2G} 

On  the  eastern  side  of  the  quarry,  near  the  entrance,  the  dip  is 
westward,  but  the  beds  soon  become  horizontal.  Owing  to  the 
flatness  of  the  country  and  the  paucity  of  exposures  it  is  impos- 
sible to  be  sure  of  the  exact  horizon  of  these  beds,  but  it  is  certain 
that  thev  lie  somewhere  between  the  Totternhoe  Stone  and  the 
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Belenmite  Marls.  The  occurrence  of  Act.  lAenus  with  Am,  [i/apZ.] 
Amteiii  at  an  horizon  whicli  is  apparently  nearer  the  base  tlian  the 
top  of  this  zone  is  remarkable  and,  so  far  as  at  present  known,  is 
without  parallel.  The  bed  in  which  they  occur  is  a  very  hard  grey 
chalk,  and  as  it  is  burnt  for  lime,  along  with  all  the  other  beds 
below  the  red  band,  it  must  be  fairly  calcareous. 

The  red  chalk  is  rather  soft  and  marly,  breaking  into  small  angular 
blocks,  the  edges  of  which  are  pinkish  white.  All  the  joint-planes 
which  cross  this  bed  are  also  bordered  bv  whitish  bands  about  a 
third  of  an  inch  thick.  ITiese  facts  seem  to  show^  that  the  bed  was 
originally  of  a  uniform  red  colour,  and  that  the  water  percolating 
from  the  surface  has  efi*ected  a  cei^tain  amount  of  decoloration. 
Where  it  rises  toward  the  surface,  near  the  entrance  of  the  pit. 
the  upper  part  weathers  yellow,  and  finally  the  whole  breaks  up 
into  a  rubble  of  yellowish  chalk. 

North  of  West  How  the  country  slopes  gradually  toward  the 
Fenland,  and  the  surface  is  obscured  by  blown  sand. 

No  exposure  of  the  Belemnite  Marls  has  yet  been  found  in  Sufi  oik 
(north  of  the  Lark). 

List  of  Fossils  from  the  Lower  Ohalk  of  Cambridge  and 

Suffolk. 

The  following  list  of  fossils  is  based  on  those  given  in  the  Survey  Memoir 
on  the  Geology  of  the  Neighbourhood  of  Cambridge  (1881),  and  that  on 
Parts  of  Cambridgeshire  and  Suffolk  (Sheet  51,  N.E.,  1891).  Most  of  the 
fossils  herein  recorded  are  in  the  Woodwardian  Museum  at  Cambridge, 
but  collections  were  also  made  from  the  localities  mentioned  by  Mr.  H. 
A.  Allen  for  the  Geological  Survey  in  1878. 

In  this  list  the  following  letters  are  used  to  indicate  the  localities  and 
districts  mentioned  :— 

a  =- Localities  to  the  south  and  west  of  Cambridge. 
b=-Cherry  Hinton  and  Fulbourn. 
c=Swaffham,  Reach,  Burwell,  and  Isleham. 

s=« Localities  in  Suffolk,  principally  in  the  fourth  column,  where  it 
signifies  the  large  quarry  at  West  Row. 


Jteptilia, 
Acanthopholis  eucercus,  Seelsy  • 

„  8t«reoceivn8,  SeeUy 

Anoplosaaras  curtonotna,  Steley 

„  major,  Steley 

CimolioMuriu  Bemardi,  (hoen    • 

„  pUnuB.Owen 

Krayi  sp. 

IchthyoMurus  campylodon,  Carter 
Lytoloma  cantabrigleiikis,  Lyd.  - 

Macniroaaonu  Mraniu ,  Seeley     • 

Ornithochelrus  Carteri,  Salty     • 

„  Fittoni,  Seeley    - 

■P-        •       -       * 
Polyptyohodon  interraptiu,  Otren 

Traohodon  cantabrigieuiis.  Lyd. 

BaurcMpondylus  diMlinilis,  Seeley 


I 


S 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
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b 


9i 

B 


LOWER  CHALK  — CAMBRIDGE   AND  SUFFOLK. 


203 


List    of    Fossils    vrom    the    Lowbb   Chalk    of   Cambridge    and 

S  c  rroLK—€ont(f, 
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4> 

1 

JS 

|8 

;    t 

M 

I 

1  Tottern 
'  Stone. 

1 

1 

Chalk  a 
j  Totterii 
Stone. 

Pwce^. 


Beryx  ip.  (opercalar  bones) — 

Cfmollcnthys  striatal,  Ag. — 

Corax  falcatus,  Ag. — 

Deroetis  elongatos,  DarutM — 

Edaphodon  Sedgwickii,  Ag. ,  x 

Rnchodos  halocyon,  Ag. I  x 

Lamna  appendioalata,  Ag. x 

..      "p. - 

Xotidanus  microdon.  Ag. x 

Oxyrhina  Mantelll,  Ag. i  — 

Protoaphyrseoa  ferox,  Leidy x 

Ptychodus  decorrens,  Ag.  ' — 

Scapanorhynchus  raphi<Mlon,  Ag.        ....—. 

Fish  vertebree  and  coprolites x 

Cephalopoda. 

I 

Amnionites  [ilaploceras]  Austeni,  .S'/uirj:;«-  — 

n  fAcanth.]  cenomanensis,  rf'/lrcA.    -        •      — 

„  I        „      ]  Mantelli,  Sotr.  -       -        -        -  '    — 

„  I        ,1      1  uavicularis,  Mant.  -        -       -      — 

H  [       „      ]  rotomageiisis,  Brongn.    •       •      — 

„  [Schloenb.]  varians,  Sow.  -  -        -  '   — 

„  [        ,,        ]  Coupel,  Brongn.    - 

Scaphites  aequalis,  Sow. 

Turrilites  costatus,  Lam. 

„         scheuchzerianus,  Bosc.        .... 

M         taberculatus,  Bow. 

Nautilus  deslongchampkianus,  d'Orh. 

„        elegan»,  £^010. 

„         reflectus.  Seeiey,  MS. 

Actinocamax  lanceolatas,  Sow.    .        .        .        .        . 

„  pleniu,  Blalnr>. 

Belemnites  minimus,  var  ultimus,  d'Orb. 

Ga$teroj)o*ia. 


a  c 


a  c 


Aporrhaissp.         .       .       .       .       . 

Cerithiuoi  oroatissimum,  De}t?i.  - 
Dentalium  majus,  Gard. 

ynsus  sp 

Pleurotomaria  brongniartiana  ?  (f'Oi-6 

„  (several  species)    - 

Bcalaria  fasciata,  Etfi.  .       .       .       . 
Solarium  dentatum  Y  De*h.  - 

Trochus  sp. 

Turbo  sp. 


Lainellibranehiata. 


Anomia  papyracea,  d'Orb. 
„       transversa,  Seelej/ 


Avicala  dubia,  Eik. 

„       fllata,  Eth. — 

Aucellina  grypheooides,  Sow. x 

Exogyra  haliototdea,  Sow. x 

InoceramuB  convexus,  Eth. — 

„           latus  d'Orb.  non  Mant.            -               -  I  — 

„           mytiloides,  Sow. — 

„           striaius,  Sow. — 

Lima  aspera,  Mant. — 

„     echinala,  Eth. 1  — 

„     globosa.  Sow. X 

„     ornata,  Eth.  non  d'Orb. x 

Ostrea  acutirostris,  i\ri^. — 

cunrirostris,  var  inflexa,  Eth.  .       .       .       .  _ 

cunabula,  Seelejf x 

frons,  Park. x 

lagena,  5f«^y x 

ninrmaniana,  d'Or&. — 

„     veaicularis,  Lam. x 

Pecten  Beaveri,  Sow.    - 
„      dubrisiensis,  Woods 
„      elongatos,  Lam. 
„     flssiooata,  Eth.  - 
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a)  qnlnqaecofltatft,  Sett. 


rMo  K*ipl 


MegathTTlii  nMninnu,  Soui.  (Argloin 
KHitan,  mat,  D(fr.      ■ 
BhTiKhgoslla  fruluu.  d  Ort. 
Cnrlerl,  JOrt, 
llnaoliU,  PJiil. 


pllntllii,  .v™ 

Ik  blpllcnU,  Salt. 

HRileloUm.  5c 


Tarabtatnllni  nodalou.  Eth. 
Irlkntrnlirla.  Itlli 


niDopon  itHatopcva,  ritw- 

Eiit»luphori  gigsntopn™.  I'li 
vlrgoU,  Uou.  vm 


Bill  intliiuaU,  I'lnr  ' 

tTMlUIB.  r>iur 
IB  ■ngn9t''U,<f  Orf'. 

ElniiulparB,  I'i'ic 
-      -ii,JOr*.    -  _, 


KepUwultlipmru  fs 

mcgalapon,  I 

MlihoDiotTptUiia  plunutoi,  L^iu 

HiumitoporiL  gncillformlft,  V^tw 

fiDMrii,  V1U-.  M.irW 
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Kcti  nttdrnnata. 


Astrrgonium  sp. 

CidariM  Kowerbunki.  Furh.  (gp  iie>i)     - 

„       IMxoiii.  Coti.  (spiiieH) 

„       iUsainiilis,  Forb.  ftp. 

„      liirudo,  Sttrig.  (»piii«j*) 

„       gradatM,  S^flfy  -        • 

„       Metlgwiuki,  iS^f^      .... 

„       vesicnlosa,  liuldf.      .... 
DiscoideacylUidrici, /xim.  .... 
„         subuciiiuH,  Klen  .... 
KclUnocyphiu  difflcilla,  var.  inipreun,  SetUy 

Gouinster  (OMicles) 

OooiophoiU't  liiiiatus.  var.  niinutiis,  Seelf»j 
JiamiaaUr  Moriisi,  Forbe*   .... 
Holaater  trecenala,  Leym.     .... 

n        lubglob  aut.  Lemke 
Poltaatea  Bunburyt,  Wnght .... 
FenUcriutu  flttoni,  A  luten 

Paeadodiadema  sp. 

Salenia  Wuodwardi,  .^<r/«;/  .... 


A  nnd'nUi. 


Serpula  annulata,  Heums 
antiquatA,  Sow. 
rustica,  So¥c. 
umbonata,  Mnnt. 


tt 


ActinoztHt. 


Coeloamilia  sp.       .       .       .       . 
Micrabacia  coronnla,  Gold/.  • 
OnchotrocbiM  serpeiiUnus,  IMtne. 


lIiHirftzita. 


Parkeria  sp. 


Spotiffida. 
Pharetrosroiigia  Strahinl.  Si>lla» 
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CHAPTER  XVII. 

THE   LOWER   CHALK   IX   NORFOLK. 

General  Descriitiox. 

In  the  southern  part  of  Norfolk,  l^etween  the  rivers  Little  Ouse 
and  Wissev,  the  base  of  the  Chalk  lies  below  the  Fenland,  but  it 
comes  to  the  surface  near  Stoke  FeiTV,  and  continues  above  sea- 
level,  though  often  obscured  by  Drift  till  it  passes  beneath  the  sea 
near  Hunstanton. 

The  Ijower  Chalk  undergoes  great  changes  as  it  passes  from  the 
south  to  the  north  of  this  county,  and  its  thickness  is  at  the  same 
time  greatly  diminished.  Near  Stoke  Ferry  the  total  thickness  of 
the  Tjower  Clialk  is  probably  about  125  feet,  but  this  decreases 
rapidly  northward ;  at  Marham  it  is  about  90  feet,  and  at 
Hunstanton  it  is  reduced  to  about  5G  feet. 

The  Chalk  Marl  or  Zone  of  Ammonites  rarians.— This  has 
a  bed  of  glauconitic  chalk  at  its  base  between  Stoke  Ferry  and 
Shouldham,  but  the  glauconite  grains  are  very  small.  Farther 
north  this  bed  disappears,  and  a  hard  white  chalky  limestone  rests 
directly  on  the  Gault  marls.  In  the  southern  part  of  the  county, 
as  far  north  as  Stoke  Ferry,  the  Chalk  Marl  consists  of  alternating 
soft  and  hard  beds,  and  it  maintains  a  thickness  of  7(Lto  75  feet ; 
but  north  of  Stoke  the  soft  Ijeds  seem  to  thin  out,  and  the  harder 
beds  become  more  purely  calcareous,  owing  to  the  elimination  of 
the  siliceous  and  argillaceous  ingredients,  so  that  in  the  northern 
part  of  the  county  the  zone  of  Am.  variant  consists  entirely  of  hard 
greyish-white  chalk,  and  at  Hunstanton  is  only  18J  feet  thick. 
This  must  be  regarded  as  a  condensed  equivalent  of  the  Chalk  Marl. 
The  cliange  may  \ye  compared  with  tliat  which  takes  place  in 
Dorset,  where  the  marly  Ijeds  similarly  thin  out  (see  p.  108). 

Zon4i  of  HoluMer  subglobosus.— In  Norfolk,  Holaster  subghhosus 
is  again  found  in  the  ])ech  below  the  Totternhoe  Stone  and  con- 
sequently ceases  to  be  a  good  index  for  the  higher  zone,  while 
Off  aster  spharicus  has  not  yet  l)een  found  in 'this  county. 

This  zone  has  the  usual  bed  of  Totternhoe  Stone  at  the  base, 
and  at  Stoke  Ferrv  the  thickness  of  this  stone  is  al)out  4  feet,  but  at 
Hunstanton  it  is  only  2  feet.  It  is  a  tough  grey  gritty  chalk,  with 
a  layer  of  irregular  green  or  yellow-coated  nodules  at  its  base,  like 
those  in  the  **  brassil "  of  Burwell.  As  usual,  it  is  mainly  com- 
jx)sed  of  comminuted  fragments  of  shell  (GO  to  70  per  cent.),  and 
glauconite  is  present  in  some  quantity,  but  quartz  grains  are  few 
and  verv  small. 
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Above  the  Totternhoe  Stone  there  is  some  tliicknesa  of  hard 
prey  chalk,  irregularly  Ijeddecl  in  the  lower  part,  but  smoother 
and  more  blocky  above.  This  jmsses  up  rapidly  into  white  chalk, 
which  becomes  very  hard  in  the  northern  part  of  the  county.  Be- 
tween Stoke  Ferry  and  Gayton  the  thickness  of  chalk  between  the 
Totternhoe  Stone  and  the  summit  of  the  Lower  Chalk  is  probably 
not  less  than  50  feet,  but  near  Hunstanton  it  is  only  36  feet. 

The  Belemnite  Beds  at  the  top  of  this  zone  are  represented  in 
the  southern  part  of  the  county  by  a  layer  of  yello\\ash  marly  chalk 
enclosing  lumps  of  hard  white  chalk.  Tliis  extends  as  far  north 
as  Hillington,  but  then  becomes  a  mere  parting,  and  is  not  dis- 
tinguishable near  Hunstanton,  where  the  hard  Lower  Chalk  and 
the  Mellx)urn  Rock  make  a  continuous  face  in  the  quarries. 

Stratigraphical  Details. 

Zone  of  Ammonites  varians. 

Several  small  quarries  expose  the  higher  part  of  this  zone  between 
Hockw^old  Grange  and  Feltwell  St.  Nicholas,  but  a  complete  section 
of  the  zone  was  obtained  by  a  boring  made  for  Mr:  W.  Hill  and  the 
author  in  the  quarries  at  Stoke  Ferry.*  The  results  of  tins,  com- 
bined with  measurements  of  the  beds  seen  in  quarry,  are  show  n  in 
the  diagram,  Fig,  49. 

The  intercalation  of  hard  beds  with  the  softer  marly  beds  is  hei'e 
very  conspicuous  ;  most  of  the  harder  coui'ses  are  shelly,  but  that 
which  commences  11  feet  above  the  basement  bed  is  less  shellv, 
and  has  a  special  structural  aspect  which  is  difi'erent  from  that  of 
ordinary  Chalk  Mail  (see  p.  282). 

The  highest  part  of  the  zone  also  consists  of  bloc^ky,  compact, 
dull  white  chalk,  about  24  feet  thick,  which  is  hard  enough  to 
resound  under  the  hannner.  This  likewise  is  largely  composed 
of  fine  calcareous  material,  the  shell  fragments  and  glauconite 
grains  l^eing  all  very  small.  This  hard  chalk  contains  Holaster 
syhglof)OiHii<y  whic^h  is  absent  from  or  very  rare  in  the  Clialk  Marl 
of  the  more  midland  counties. 

The  basement  bed,  still  glauconitic  with  many  small  green- 
coated  phoephatic  nodules,  is  exposed  in  a  small  pit  by  the  roadside 
south  of  Shouldham  Church.  It  is  here  overlain  by  rather  hard 
yellowish  chalk  in  lumpy  irregular  l)eds,  like  that  which  was  found 
in  the  Stoke  boring  from  11  to  21  feet  above  the  basement  bed ; 
hence  it  would  seem  that  the  intervening  11  feet  of  soft  marl  has 
either  thinned  out  or  has  changed  laterally  into  a  harder  and  more 
calcareous  chalk. 

There  is  no  other  good  exposure  of  Chalk  Marl  till  we  come  to 
Grimston,  and  here,  at  the  Sow's  Head  spring,  the  base  of  the  Chalk 
is  again  seen.    It  consists  of  a  very  hard  solid  limestone,  weather- 

■  ■■^*-''  ■     ■■■.     .,.,.,».    ......       ., II.       -^ 

*  See  Quart.  Journ.  Geol.  Soc.,  Vol.  xliii.,  p.  556  (1887). 
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Soil  iDiI  cruel 

ff>rd  whItUh  chuk  pualni  dewn  I 


Tr^o^li    BTcr  findj-lo'ikifif  cbaJk,  beooniUifr  hitrdcr 

nodnlu  BtUiB  bu»  (TotMrnhoa  Stwia)  - 


Band  cr  mottled  gnj  aad  w' 


BcrUt. 

/HitrdsrajUhebe]1ycli«1k.<>IUi  lote 

rbedd*. 

»ofl«r 

1  TIM  Ilka  irlth  liDir  lUIni  or  blo'eliei. 

hiHet 

Id  I  he 

Softer  ehalk  gnjr  and  aulj,  moltltd  w 

thpile 

Bird    lljhl  loff   cliilk.  »h.Ilr.  with 
■nj  1«M  theUj  doll  trej  cluik  - 

buck  .tr»k. 
into  ku  hard 

Soft  wlHttah  ro«r1  with  >  h«d-r  lump 
but  moatljcuitW  like  ehMW     - 

hrn  tnd  Ibere. 

I  ilBOOonlte  tru  ni 
HtlKdw-kblaecl*]'    - 


Fifi.   49.— The  succession  sIiotu  in  the  quarry  and  Iwring  at  Stoke  Ferry. 

ScaJe,  20  feet  to  an  ioclK 

(From  Memoir  "On  the  Geology  of  S.W.  Norfolk  and  Xorthern  Caip- 
bridi[eshire"(18D3),  p.  31.) 
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iiig  to  a  creamy  yellow  tint.  Of  this  liine.stoiie  3  or  4  feet  are  seen, 
reatinj  directly  on  and  passing  down  into  the  pale  grey  marls  of 
the  Upper  (xault  without  anything  like  the  usual  glauconitic 
basement  bad.  In  minute  structure  it  is  a  purer  and  more  com- 
pact form  of  the  rock  which  overlie.s  the  bisement  bed  at  Should- 
ham.  The  onlv  fowils  semi  were  snrall  Belemnites  and  a  small 
species  of  Rkyadioiiellit. 

A  small  pit  about  half  a  mile  X.N.E.  of  Iloydon  Church  discloses 
an  important  section,  because  it  shows  the  whole  of  this  hard  whitish 
rock  and  some  of  the  overlvincj  chalk,  the  beds  seen  being  as  follow  : 

ft. 
Hjird  greyish  gritty  chalk,  weatheriii<;  into  flaggy  pieces,  and 

containing  at  the  base  a  number  of  green-cotited  nodules  -    6 
Very  hard  creamy-white  chalk,  piped  at  the  top  wjth  material 
from  above      -        -        -  -  .        .        .    5J 

It  has  been  ascertained  by  lx)ring  that  this  lower  l)ed  rests  dii'ectly 
on  the  marly  clay  of  the  (lault  (see  Vol.  i.,  p.  300).  The  importance 
of  this  exposure  is  that  the  gritty  chalk  is  undoubtedly  correlative 
with  the  "  Inoceramus  IJed  "  of  Hunstanton.  We  think  also  that 
it  is  likewise  the  condensed  equivalent  of  the  central  part  of  the 
Clialk  Marl  at  Stoke  Ferry,  i.e.,  the  greyish  shelly  chalk  traversed 
in  the  boring  mentioned  on  p.  208,  just  as  the  whitish  chalky 
lime«tone  below  is  the  condensed  equivalent  of  the  softer  Chalk 
Marl  proved  in  the  lower  part  of  the  Stoke  Ferry  boring. 

The  gi'eat  condensation  which  has  taken  place  in  the  Chalk  Marl 
as  a  whole,  by  the  elimination  of  the  marly  or  rather  the  argilla- 
ceous ingredient,  is  shown  by  the  section  obtained  in  the  large 
chalk-pit  at  Dersingham.  Here  l^elow  the  Totternhoe  Stone  about 
8  feet  of  liard  creamy-white  chalk  is  exposed,  becoming  rather 
greyer  below ;  while  a  lx)ring  made  through  the  floor  of  the  pit 
in  188G  disclosed  the  following  beds*  :  — 

ft. 

Hard  greyish  chalk,  becoming  greyer  and  more  pritty  below, 
with  yellowish  green-coated  nodules  near  the  l)ase    -        -    8 

Very  hard  compact  white  chalk Ij 

Gault  marls  below. 

Here  therefore  the  total  thiclciiess  of  the  chalk  tetween  the  Gault 
and  the  Totternhoe  Stone  is  only  17^  feet,  as  compared  with  75 
feet  at  Stoke  Ferr^^ 

At  Hunstanton  it  is  only  a  foot  thicker,  and  the  section  is  practi- 
cally the  same.  See  Fig.  50,  which  is  reproduced  from  the  jmper 
bv  Mr.  W.  Hill  and  the  author,  alreadv  referred  to. 

The  hard  white  chalk  which  overlies  the  **  Red  Chalk  "  of  Hun- 
stanton has  long  been  known  as  **  the  sponge  bed,"  on  account  of 
the  curious  cylindrical  bodies  which  it  contains,  and  which  resemble 
the  stems  of  Siphonia,  but  do  not  exhibit  any  sponge  structiu'e. 

The  succeeding  grey  shelly  chalk  is  generally  called  the  ''Inocera- 
mus bed/' from  the  number  of  broken /noc^ami  which  it  contains. 

*  See  Quart  Journ.  Geol.  Soc.,  Vol.  xliii.,  p.  snO'^iPftT). 
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These  are  chie&y  Inoceramuslatris,  d'Orb,  the  common  Chalk  Marl 
species.  Holaster  subglobosvs  is  also  very  abundant.  The  rough 
gritty  feel  of  the  rock  is  due  to  the  quantity  of  comminuted  shell, 
about  60  per  cent,  of  its  mass  consisting  of  such  fragments. 

Zone  of  Holaster  subglobosus. 

Totternhoe  SUme,— The  outcrop  of  this  bed  has  not  yet  been 
found  in  the  extreme  south  of  the  county  between  the  courses  of 
the  Tittle  Ouse  and  the  Wissey,  but  it  is  exposed  in  the  large  quarry 
at  Stoke  Ferry,  the  section  of  which  is  shown  in  Fig.  49,  p.  208. 

The  Totternhoe  Stone  Ls  about  I  feet  thick,  and  has  the  usual 
aspect  of  a  tough  grey  sandy-looking  stone,  coming  away  in  large 
blocks.  There  is  a  layer  of  cream-coloured  calcareo-phosphatic 
nodulc«  at  its  base,  some  of  them  being  greenish  outside,  but  there 
Ls  no  marked  plane  of  division  \yelo\v  these  as  at  Bur  well.  The 
grey  shelly  or  gritty  material  of  the  stone  is  piped  into  the  light- 
coloured  chalk  below  for  al)out  12  inches,  thus  forming  a  l)and  of 
mottled  chalk,  which  comes  away  with  the  overlying  stone.  Rhyn- 
ch/mMn  mantdliana  is,  as  usual,  a  common  fossil.  Upward  the 
atone  passes  rapidly  into  greyish-white  bedded  chalk. 

No  exposure  of  Totternhoe  Stone  has  yet  been  found  near  Were- 
ham  or  Marham,  though  it  must  run  through  the  village  of  Mar- 
ham.  It  is,  however,  clearly  seen  in  the  chalk-pit  at  Dersingham, 
where  the  section  is  :  — 

ft. 
Thin- bedded  rather  hard  greyish-white  chalk  -        -        -        -     16 
Hard,  tough,  and  massive  grey  chalk,  with  a  layer  of  green- 

*    coated  nodules  at  bottom 2j 

Hard  creamy-white  chalk 9'(^^n  for      8 

A  similar  succession  is  exposed  in  quarries  at  Snettisham  and 
Heacham,  and  in  the  clirts  at  Hunstanton  (see  Fig.  50).  At 
Heacham  and  Hunstanton  its  thickness  is  only  2  feet,  but  it  forms 
a  conspicuous  feature  in  the  cliff-face. 

Exposures  of  the  Higher  Beds. — The  only  noteworthy  ex- 
posure between  Hockwold  and  Stoke  Ferry  is  at  Feltwell  St.  Mary, 
where  in  a  dry  pond  by  the  roadside,  a  quarter  of  a  mile  north-east 
of  the  church,  Mr.  W.  Hill  and  the  writer  found  a  small  exposure 
of  pink  chalk,  weathering  yellow,  like  that  of  West  Row  in  Suffolk, 
and  resting  on  a  coimse  of  hard  nodular  rock,  with  soft  whitish 
chalk  below ;  the  succession  thus  agreeing  most  remarkably  with 
that  ten  miles  away. 

The  upper  beds  of  the  T^ower  Chalk  are  exposed  in  the  quarry  at 

Whittington,  where  the  following  succession  was  seen  in  188() :  — 

ft. 

Melbourn  Rock     -  7 

/Buff-coloured    marl,  enclosing  lumps  of  hard  whitish 

Lower    I     chalk Ij 

Ohalk.    "i  Very  hard  white  lumpy  chalk  about      3 

1^  Hard  blocky  white  chalk,  l)ecoming  greyish -white  hflow     1 2 

4-219.  V 
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The  hard  white  chalk  evidently  represents  the  upper  and  whiter 
portion  of  the  H.  snhjlohosm  zone  at  Cheirv  Hinton,biit  here  the  top 
part  is  rougli,  lumpy,  and  very  hard.  The  overlying  marl  appears 
to  be  the  attenuated  representative  of  the  Belemnite  Beds ;  it  is 
much  thinner  and  its  surfaces  are  less  clearh'  defined  than  in  Cam- 
bridgeshire,  but  it  contains  that  variety  of  Rhy^nchondla  plica  tilis 
which  is  so  commonly  found  at  this  horizon. 

A  quari-y  about  half  a  mile  south  of  Barton  Bendish  exhibits  a  simi- 
lar section  as  above,  and  there  is  a  good  exposure  of  the  same  beds 
at  Marham  limekiln,  where  the  following  section  wa*s  seen  by  us 
in  1886  (Op.  cit.  p.  567):- 

ft. 
Thin  soli  and  weathered  Melbourn  Bock  -  -      5 

Band  of  yellow  marly  chalk,  with  a  layer  of  grey  marl  at  the 

base -        -        -        -      Ij 

Hard  white  chalk,  weathering  rough   and  projecting  over 

the  face  below 9 

Blocky  greyish  chalk 10 

About    25 

At  the  north  corner  there  is  a  marked  layer  of  nodular  rock  at 
the  base  of  the  hard  white  chalk,  but  it  is  not  continuous.  A  similar 
section  is  shown  in  the  pit  south-east  of  the  church. 

A  little  north  of  the  first  quarry  are  two  cottages,  and  we  were 
mformed  by  the  Rev.  H.  J.  Sharpe,  Vicar  of  Marham,  that  a  well 
was  simk  here  to  a  depth  of  85  feet,  clay  being  reached  at  that 
depth  and  bored  into  for  30  feet.  As  the  cottages  are  very  httle 
below  the  outcrop  of  the  Melbourn  Hock  we  may  estimate  the 
thickness  of  the  Tx)wer  Chalk  here  at  about  00  feet,  which  is  about 
40  feet  less  than  its  prolmble  thickness  near  Stoke  Ferry. 

A  quarry  at  Gayton,  N.N.W.  of  the  church,  is  worked  in  two  levels 
and  exposes  about  46  feet  of  the  zone  of  Holasfcr  subglobosus,  the 
section  being  as  follows  :  —    !i  ' 

flipper  Level, 

ft. 

Soil  and  rubble 1 

Dull  white  chalk,  rather  tough,  weathering  into  platy  pieces    20 

Lower  Level. 

Firm  white  clialk  in  thicker  beds 12 

Hard  chalk,  parting  along  greenish  marly  seams  -                •      2J 
Greyish  marly  chalk  in  massive  beds 12 

Mr.  Whitaker  says  of  this  pit  that  "  its  great  interest  lies  in  the 
fact  that  small  boulders  of  granitic,  gneissose,  and  trap  rocks  are 
found  in  the  chalk.  .  .  .  There  were  in  1882  a  few  large  pebbles, 
up  to  9  inches  in  length,  lying  in  the  pit.  These  are  said  to  be 
found  in  the  chalk  at  some  depth,  and  there  is  certainly  no  other 
apparent  source  for  them,  the  Chalk  being  quite  bare  [of  Drift]  .  .  . 
I  took  away  one,  and  on  a  later  visit  several  others,  which  are  now 
in  the  Jermyn  Street  Museum."* 


*  The  Geology  of   South-Western    Norfolk,  Explanation  of  Sheet  65, 
Mem.  Geol.  Survey,  p.  35,  1893, 
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Mr.  Whitaker  also  observed  that  the  large  disused  quarry  to  the 
west,  on  the  other  side  of  the  lane,  is  in  hard  grey  chalk.  The 
lowest  chalk  seen  in  it  was  hard  and  gritty,  and  when  a  sample 
was  sUced  and  examined  by  Mr.  Hill  under  the  microscope  it  proved 
to  contain  glauconite  grains.  Probably,  therefore,  it  is  close  to, 
if  not  actually,  the  top  of  the  Tottemhoe  Stone. 

The  highest  beds  are  again  seen  at  Hillington,  the  lower  part  of 
the  pit  showing  the  following  section  :  — 

ft. 
Whitish  thin-bedded  chalk  (?  Melbourn  Rock)  -  .  .  4  j 
Thin  band  of  yellowish  marl  (?  Bel.  marl)     -        -        .        - 

Hard  massive  whitish  chalk 4 

Bedded  chalk,  dull  white,  with  greyer  beds  at  intervals, 
Holaster  subglobosus  and  Discoidea  oflindrica    -        -        -     10 

The  lower  beds  clearly  belong  to  the  Lower  Chalk,  and  it  seems 
probable  that  the  thin  band  of  marl  represents  the  zone  of  Act, 
plenus  here  on  the  point  of  thinning  out. 

The  lower  part  of  the  H.  8}thglobo8U8  zone  is  seen  at  Dersingham, 
and  the  central  part  in  a  pit  at  Ingoldsthorpe,  but  the  whole  of  it 
is  exposed  in  the  two  quarries  at  Heacham,  where  the  following 
beds  are  shown  :  — 

Upper  Pit, 

ft. 
Weathered  chalk  and  Melbourn  Rock  -        -        -        -      9 

Hard  thin-bedded  whitish    chalk,  with  a  marly  band 

about  a  foot  from  the  top  6 

Lower  Fit, 
Thin-bedded  whitish  chalk,  becoming  greyer  and  thicker 

bedded  towards  the  bese  30 

Totternhoe  Stone— darker  ^ey  chalk,¥dth  green-coated 

nodules  at  the  base 2 

Hard  cream-white  chalk seen  for    12 

Here,  therefore,  there  is  only  36  feet  of  chalk  between  the  Tottern- 
hoe Stone  and  the  Melbourn  Rock,  and  there  is  nothing  to  represent 
the  marl  beds  of  the  Act,  plenna  zone. 

At  Himstanton  only  9  or  10  feet  of  thin-bedded  greyish  chalk 
are  seen  above  the  Totternhoe  Stone  (see  Fig.  50),  the  higher  part 
of  this  zone  not  coming  into  the  cUff . 

List  of  Fossils  from  the  Lower  Chalk  of  Norfolk. 

This  list  is  compiled  from  the  joint  paper  by  Mr.  Hill  and  myself, 
published  in  the  Quart.  Journ.  Geol.  Soc.,  Vol.  xliii.  p.  544  (1 887)  and 
from  that  in  the  Survey  Memoir  on  the  Geology  of  the  Borders  of 
the  Wash  (1899).  The  letter  s  signifies  that  the  species  was  found 
at  Stoke  Ferry  or  at  places  to  the  southward ;  n^plaoes  between 
Stoke  Ferry  and  Hunstanton ;  and  h= Hunstanton  cliff. 
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the  cretaceous  rocks  of  britaix, 
List  of  Fossils  fhom  the  Loweb  Chalk  of  Norfolk. 

,,,        ToUvrD-        Chalk 
J,"  boa  .ton. 

"■  Slooa.  T.  St. 


Beryx 

Ciiuoltchthys  tewesiensis,  Lfiiti/ 
Etlaphodnu  ap.- 
Euchodus  ap     -       -       ■ 


Pfychodus  decurrons,  Ag. 

Cepluilopoda. 

Ammonitea rITii[)lotera.s]  Aiifiteni,  f<harpr 

„  [Acanth.]  cenomanensia. 

.,  [Hapl.]  lewesienais  I  Haul. 

[Dasm.]  plonulatiia  1  Sow. 
,.  [Acantli.]rotoinagfinHis,Brnii(;» 
„  Hchloenb.   varians,  Sow. 

„  '      [       „      ]  Coupei,  Brongn. 
TurrilitM  ^iistatitA.    Lam. 

„         liiliprdiliitiH,    BoK. 
Bp. 
Actinocaniax   plonus,    Blainv. 
Belemnitca  minimiu,  LitUr 

„  „       Tar.  ultiiniia,  d'Orb. 

Nautilus  sp,      -        -        - 


GatUropoda. 
Pleurotomaria 
Trochiia  cirrua  "i  Woodw. 

Lamell  ibranch  iala. 
Aucellina  gryphteoides,  Soie. 
Avicula  filata,   Eth. 

„      roxolana  1  d'Orb. 

Esogyra  luiUotoida*.  S<iui. 
Iiioceramua  latus,  d'Ortj.  non 

„  mjrtiloides,  Manl. 

„  striatuB,  Sow. 

Lima  coiioinri  iicnsifl,  d'Orb, 


echin 


AV/i. 


„     elongnta,  Soir. 

„     Klobosa,    Sow. 

„     ovata  J  ^ilu. 

Ostrea  frons,   Park. 

Leaueuri,    d'Orb. 
„      pectinata.  Lam. 
„      vesicularis,    Lam.  • 


sp. 


,  Ia": 


„       orlriciilaria.  Sow.  - 

nicatnin  inflate,  Sow.     - 

Spoadyliu  liaeatus,  Goldf. 

„'     striatiu^  Sow,     - 


n  h 


•  f  »       ►  » 
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List  of  Fossils  from  thk  Lower  Chalk  of  Norfolk.— con^e/. 


Chalk 
Marl. 


Tottern- 

hoe 
Stone. 


(HuOk 
above 

T.St. 


Belem. 
Marl. 


55 
5» 
5> 


Brachiopoda, 
Kiagena  lima,  Defr. 
Magas    Qeinitzi,    ScMoenJ*.     - 
Rhynchonella  Cuvieri  l  cCOrb. 

grasiana,  d'(}rb. 
lineolata  I  Phil. 
mantel  liana.  Sow. 
Martini,   Mant. 
plicatilis,    Saw. 
Terebratula  biplicata,   Sow, 
.,  obesa,    Sow. 

semiglobosa,    Sow. 
sulcifera,    Morris 
squamosa,    Mant. 
Tercbratulina  nodulosa,  hJth.    - 
,,  striata,   Wahl. 

.,  triangularis,  Eili. 

Crustacea* 
Pollicipes  glaber,    Boemer 
„        unguis.  Sow. 

Anneltdii. 
Ditrupa   difformis.   Lam. 
Serpula  annulata,  Jiettss 
.,      antiquata,    Sotv. 
„      subtorquata,     Miinsi. 
„      umbonata,  Sow. 

Echinodermata. 
Cidaris  Bowerbanki,  Forbes 
dissimilis,  Forbes 
uniformis,   Sorig. 
„      veaiculofla,   Goldf. 
„      sp.    (spines) 
Discoidea  cylindrica,  Lam. 
Epiaster  crassissimus,  d'Orb.     - 
Holaster  laevis,  de  Luc     - 

subgloboBUS,    Leske 
trecensis,  Leym. 
Pseudodiadema  ornatum,    Goldf.  - 
„  variolare,  Brongn.  ■ 

Salenia  Austeni,  Forbes    - 

Actinazoa. 
Onchotrochiis  serpentinus.  Dune. 

Spongida. 
Leptophragma   Murchisoni,   Goldf. 
PlocoBcyplua  labrosa,  Mant.     - 
Streplunia   convoluta,    Ilinde 
Ventriculites  9p.       .        -        - 
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CHAIT^ER  XVUI. 
THE    LOWER    CHALK    IN    LINCOLNSHIRE. 

General  Descrifiton. 

The  Lower  Clialk  of  Lincoliishii'e  presents  a  succession  of  beds 
which  i»  similar  to  that  of  the  northern  part  of  Norfolk,  but  as  a 
whole  it  is  thicker,  being  from  75  to  80  feet  thick  as  compared 
with  the  55  feet  of  North  Norfolk,  and  this  thickening  is  princi- 
pally in  the  lower  part  or  zone  of  Am.  varians. 

lie  Cretaceous  escarpment  is  the  dominant  feature  in  East  Lin- 
colnshire, and  the  Wolds  form  a  tableland  trenched  by  the  valleys 
of  numerous  streams,  which  all  drain  eastward  into  the  North 
Sea.  No  great  thickness  of  Middle  or  Upper  Chalk  is  present,  so 
that  most  of  these  valleys  cut  into  the  Lower  Chalk,  and  some  of 
them  expose  the  "  Red  Chalk  "  (Selbomian)  and  underlying  strata. 
In  consequence  of  this  structure,  there  are  numerous  exposures  of 
the  Lower  Chalk,  not  only  along  the  main  escarpment,  but  in 
the  vallevs  which  intersect  the  Wolds. 

t 

The  Chalk  emerges  from  beneath  the  Drift-covered  country 
between  Gun  by  and  Welton,  not  far  from  the  Burgh  Station  on 
the  East  Lincolnshire  Railway,  and  strikes  thence  to  the  north- 
west through  Sheets  84,  83,  and  86  of  the  Geological  Survey  Map. 

Fig.  51  is  a  tabular  view  of  the  vertical  succession  of  the  bedt> 
forming  the  Lower  Chalk,  with  the  underlying  Red  Chalk  (Sel- 
bornian),  as  developed  in  the  country  round  South  Thoresby,  Louth, 
and  Withcall.  It  is  only  in  this  area  that  the  portions  indicated 
are  coloured  pink  ;  the  succession  is  the  same  both  to  the  south  and 
to  the  north  of  this  district,  but  the  whole  of  the  beds  above  the 
"  grey  bed  "  are  greyish  or  yellowish-white  in  other  parts  of  the 
coimty. 

The  Zone  of  Ammonites  varians  is  about  34  feet  thick  at  the 
south  end  of  the  Lincolnshire  Wolds,  and  rather  more  near 
Louth.  It  has  two  well-marked  beds  at  the  bottom  which  clearly 
correspond  with  those  described  imder  the  names  of  "  Sponge  Bed  " 
and  *'  Inoceramxis  Bed "  at  Hunstanton.  Both,  however,  are 
thicker  in  Lincolnshire. 

The  "  Sponge  Bed ''  is  a  hard  compact  limestone,  either  white 
or  yellowish-white,  and  sometimes  partly  pink  in  colour.  It  is  a 
very  pure  limestone,  and  is  entirely  devoid  of  quartz  or  glauconite 
grains.  Its  thickness  varies  from  18  inches  to  3  or  4  feet,  and 
sometimes  it  is  difficult  to  separate  it  from  the  Red  Rock  below. 
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The  Inoceramue  Beds  are  generally  from  4  to  6  feet  thick,  and 
lie  in  two  or  three  ooureeB,  with  marly  partings.  They  ronsist  of 
rough  grey  gritty  chalk,  often  somewhat  nodular,  and  uhvaya  full 
of  InoceramuB  shells. 

The  remainder  of  the  zone  conaiats  of  rather  rough  greyish  chalk 
in  thin  irr^ular  beds,  with  partings  of  shaly  marl  in  the  upper 
part.  Am.  (SM'/enbackia)  varians  is  not  verv  common,  while 
Hdaater  mbgMnmis  and  Dieandea  cyliiidrica  occur  in  most 
exposures. 


jrrr~*T 


foS 


r.r«7»nil  purple  msrl. 
Pinkiah-jidlow  chilk. 


OrejUh-whlt*  chall 


Tb«  (TST  bed  (Tottcmho*  Stout). 


Sponie  bedifsllow  lod  pink. 


Fig.  31.— Vebtical  Skction  of  Lowee  Chalk  in  Lincolnshike. 

The  Z<nie  of  Ofblter  sphsericUB. — In  consequence  of  the 
extended  range  of  Hdastm  subglobosus  in  Lincolnshire  and  York- 
shire, Of  aster  sphcBricus  has  been  adopted  as  the  index  of  the 
higher  zone.  At  its  base  there  is  a  smalt  representative  of  the 
Tottemhoe  Stone  in  the  form  of  one  or  two  beds  of  hard  rough 
grey  chalk.  Sometimes  it  occurs  as  a  massive  bed  of  hard  nodular 
chalk  breaking  into  large  blocks,  but  more  often  there  are  two 
beds,  the  lower  one  rough  and  nodular,  the  uppei  one  compact, 
I,  and  blocky.    This  grev  chalk  is  generally  from  3  to  4  fett 
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thick,  and  contains  many  fossils.  It  was  called  the  "  grey  Ijed '' 
by  Mr.  W.  Hill,  who  first  identified  it  with  the  Tottemhoe  Stone 
in  1887,  after  he  and  I  had  traced  that  stone  through  Norfolk 
in  the  previous  year.*  In  minute  structure  it  is  also  comparable 
with  typical  Totternhoe  Stone,  for  it  consists  chiefly  of  minute 
fragments  of  shell,  with  many  Foraminifera  and  an  abundance 
of  glauconite  grains. 

Inunediately  above  the  Totternhoe  Stone  there  is  alwa)^  a  coui-se 
of  hard  nodular  greyish-white  chalk,  in  which  large  Ammonit^ss 
(HapL  lewesiensis  and  Hapl.  Austeni)  frequently  occur.  The 
next  6  or  7  feet  are  marly,  and  in  the  Louth  district  they  are  of  a 
pink  or  light  red  colour.  Above  this  band  are  thick  beds  of  hard 
whitish  chalk,  part  of  which  is,  however,  coloured  pink  or  yellowish- 
pink  in  the  Louth  district. 

The  total  thickness  of  this  part  of  the  zone  is  from  38  to  40  feet. 

Belemnite  MarL— Afti4*  the  disappearance  of  these  marls  in 
Norfolk  it  is  somewhat  surprising  to  find  them  well  developed  in 
Lincohishu'c.  There  is,  however,  no  doubt  about  their  occurrence, 
for  not  only  do  they  oc<5ur  in  the  same  relative  position  as  those 
of  Cambridge  and  Herts,  but  they  have  similar  characters,  and  in 
at  least  one  localitv  thev  contain  the  characteristic  fossil. 

At  the  south  end  of  the  Wolds  thev  include  a  bed  of  hard  whitish 
chalk  like  that  seen  elsewhere,  but  this  does  not  recur,  and  in  man}* 
places  the  whole  band  consists  of  soft  grey  laminated  or  shaly  marl, 
often  variegated  with  purple  or  brown.  In  some  sections  there  is 
a  medial  bed  of  grey  marly  chalk,  but  this  is  not  like  the  hard 
white  chalk  al>ove  mentioned.  The  lowest  layer  generally  encloses 
•  numeroiLs  pebbles  of  hard  chalk.  This  biind  of  shaly  marl  varies  in 
thickness  from  1 J  to  3  feet,  and  is  a  conspicuous  feature  in  all  the 
pits  where  it  is  exixised. 

From  analyses  made  of  these  marls  by  Mr.  Meabourn  Staniland 
and  Mr.  Grant  Wilsonf  it  would  api^eai*  that  the  carbonate  of  lime 
varies  in  amount  from  01  to  86  i)er  cent.,  the  siliceous  or  argilla- 
ceous ingredient  varying  inversely  from  28  to  9  per  cent. 

» 

Stratigraphical  Details. 
Zone  of  Ammonites  varians. 

A  good  section  of  the  lower  part  of  this  zone  is  exposed  in  the 
quarry  on  the  west  side  of  the  road  half  a  mile  north  of  Candlesby. 
Since  1877,  when  the  section  given  in  the  Sm-vey  Memoir  on  Sheet 
84  was  taken,  the  pit  has  been  cut  fmlher  back,  exposing  4  feet 
more  of  the  platy  chalk,  so  that  it  now  reads  :  — 

•  See  Quart.  Journ.  Geol.  Soc,  Vol.  xliv.  p.  325,  1888. 

t  See  Geology  of  East  Lincolnshire  :  Geol.  Survey  Memoir,  on  Sh.  84. 
p.  38,  1887. 
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ft. 

BubUy  soil -        -        -  1 

Platy  chalk  with  two  of  grey  shaly  marl     -        -               -  8 

Whitish  chalk,  lumpy  and  irregularly  bedded  -        -        -        -  14 
Bluish- white  chalk    drying  nearly  white,  called  "  the  blue 

course" 3 

Inocera-     ^*^^®  ^®y  gritty  chalk  in  two  courses,  with 

'        shaly  marl  at  base     -        -        -        -  -      4 

^Ag       I  Hard  nodular  grey  chalk,  with  layer  of  shaly  marl 

at  base 1 

Sponge  Bed— hard  nodular  pink  and  yellow  rock       -        -      2 

Layer  of  red  marl  (persistent). 
Qault — rrd  limestone  with  marly  partings   -        -  '      ^i 

llie  upper  beds  of  this  zone  are  seen  below  the  Tottemhoe  Stone 
in  a  neighbouring  quarry  to  the  north-west,  opposite  the  Cioss  Keys 
Inn. 

Other  good  sections  of  the  lower  beds  are  found  in  the  quarry 
north-east  of  (Irebby  Hall,  and  in  another  pit  half  a  mile  north- 
west of  Dalby  (-hurch.  In  the  latter  the  Sponge  Bed  is  in  two 
courses,  and  is  2  feet  9  inches  thick.  The  Inoceramvs  Beds  are  over 
5  feet  thick,  and  13  feet  of  the  overlying  beds  are  exposed. 

* 

A  quarry  east  of  this  at  the  junction  of  the  roads  south  of  Dex- 
thor|3e  exposes  still  higher  Ijeds,  being  about  20  feet  deep  and  just 
touching  the  Inoceramus  l^eds  at  the  bottom. 

The  basement  beds  are  also  visible  in  the  deep  valley  east  of  Swaby, 
where  a  quarry  shows  :  — 

ft. 

Greyish-white  chalk  in  irregular  beds 8 

Inocetumm  Beds— hard  grey  gritty  chalk  full  of  Iwjcetumus 

shell 4 

gp^jn^^rVery  hard  nodular  yellowish  chalk-  -        -    li 

Beds.  I  Bard  lumpy    yellowish-red   chalk  with    cylindrical 

^     bodies 2^ 

Parting  of  dark  red  clay. 

Qault — brick-red  limestone  in  regular  beds  ...        -    4 

It  will  be  noticed  that  the  basal  yellow  limestone  or  "  Sponge 
Bed  "  is  here  imusally  thick  (4  feet). 

Another  good  section  of  these  beds  is  exposed  by  the  cutting  at 
the  west  end  of  the  tunnel  near  Withcall,  on  the  Louth  and  Lincoln 
line. 

In  North  lincohashke  there  are  not  many  exposures,  but  the 
lower  beds  above  the  Red  Chalk  are  seen  in  a  quarry  above  the 
Hospital  at  Worlaby,  N.N.E.  of  Brigg. 

Exposm^es  at  Thorpe-le-Mire,  north-east  of  Market  Basen,  show 
how  constant  these  several  subdivisions  are.  Mr.  Strahan  saw 
the  following  beds  in  a  quarry  north-east  of  the  village :  — 
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ft 

Orey  lumpy  or  knotty  chalk  with  thin  shaly  partings  at 

intervals 8 

Coarse  grey  irregularly  bedded  chalk 4 

Beds  concealed  by  talus,  about 6 

Selbornian. — Red  Rock  exposed  at  bottom      -       -       -       -  i 

The  beds  hidden  in  the  quarry  are  exposed  in  a  neighbouring 
ravine,  and  consist  of  the  following  :  — 

ft. 

Ifwcemmvs  Bed. — Grey   chalk   with   Inoceranms  shells        -    3 

Sponge    fPale  yellow  nodular  chalk  with  pale  red  spots     -    1 

Bed.     (Red  and  yellow  mottled  nodular  chalk    -       -        -1 

Selbornian. — Deep  red  nodular  chalk 3 

Zone  of  OfBEUster  sphsBricus. 

The  following  are  some  of  the  most  important  exposures  in  this 
ssone,  beginning  near  Welton. 

A  quarry  by  the  Cross  Keys  Inn,  south  of  Welton  Windmill, 
shows  the  following  section  :  — 

ft. 
Zone  of     Thin-bedded  rufebly  chalk,  with  layers  of  buff-coloured 

Offaster  I     ^^y    °^*^^ ^^ 

8vhcericu8,\^^^  hard  nodular  grey  chalk,  with  Eh^nchon4!lla 

[    manteUiana  (Totter  nhoe  Stone)      -        -        -        -     3 
Zone  of  I  Hard  greyish-white  chalk  in  thin  beds,  with  shaly 

Amvi,   •      partings 6 

varians.  I  I{ard  greyish- white  chalk  in  beds  about  a  foot  thick     -     5 

24 

The  coloured  bands  of  this  zone  first  set  in  on  the  south  side  of 
the  valley  of  the  (Jalceby  Beck,  which  traverses  the  Wolds  by  Oalceby 
and  South  Thoresby.  At  the  latter  place  there  is  a  quarry  in  which 
a  good  section  is  exposed,  as  below  :— 

ft. 
Beleinnite  if aW— variegated  marl  in  two  layers,  with  a  bund 

of  grey  lumpy  chalk  between,  lower  layer  red,  buff,  and 

green 1^ 

Pale  pinkish-white  chalk  in  one  massive  coiu'se  ...  3 
Hard  yellowish-pink  chalk  in  beds  about  a  foot  thick  -      7 

Greyish-white  chalk  in  thin  beds  with  shaly  partings  -  -  6 
Hard  compact  greyish  chalk  in  two  beds  ....  4 
Layer  of  grey  shale 

Hard  cream-coloured  chalk 4 

Thin  layer  of  soft  yellowish  marl 

Reddish  marly  chalk,  with  a  band  of  chocolate-red  marl  in  the 

middle,  brick-red  above  and  pink  with  grey  lumps  below      6 
Layer  of  grey  laminated  marl 

Hard  greyish  gritty  chalk,  nodular  and  broken     -        .        .      2^ 
T  tter  h    /  ^^^y®^  ^^^  more  compact  chalk        -        -        -       1  ^ 

Stone  ^1  ^*^^  ^^^y  chalk  with  nodular  crystalline  lumps, 

*     I      some  cJ  which  have  yellow  stains-        -        .        y 


A. 


O 

o 


tX)WEll  CHALK — LINCOtNSttlllE.  ^^1 

There  are  several  good  sections  of  these  beds  in  the  numerous 
quarries  at  and  near  Louth.  Thus  there  are  two  large  quarries 
on  the  north  part  of  the  town  west  of  the  Union  House,  and  they 
give  the  following  combined  section  :— 

ft. 

Boulder  clay  and  chalk  rubble 10 

Middle  chalk            -        -        -        -  15j 

Belemnite  Marl— soft  grey  and  buff  marl  enclosing  a 
band  of  marly  chalk,  and  nodules  of  hard  clialk  at  the 

base    -        -               -        - 2i 

Hard  white  chalk  resting  on  a  thin  seam  of  red  marl    -  2 
Hard  pinkish  chalk  in  tliick  even  beds,  with  pink  and 

yellow  marly  chalk  at  base 7  J 

Greyish- white  chalk,  weathering  into  flattish  lenticular 

lumps  with  marly  layers 12 

§     Hard  greyish  chalk  forming  one  massive  bed    -        -  4 

Hard  greyish  nodular  chalk 3 

Pink  and  grey  chalk,  passing  down  into  light-red  chalk 

with  seams  of  red  marl 7 

Hard  greyish  nodular  chalk 2} 

^Compact  grey  gritty  clialk     -        -        -  li 
Totter  nhoe  JHard    nodular  grey   chalk,    becoming 
Stone.      \     platy  below,  with  a  thin  layer  of  grey 

I    shale  at  the  base 2^ 

Hard  greyish-white  chalk  in  thick  beds,  with  shaly  partings  -  10 

80 

The  upper  part  of  the  zone  is  exposed  in  a  quarry  on  the  Ix)ndon 
Uoad,south  of  the  town,and  the  lower  beds,  including  theTottemhoe 
Stone,  in  a  pit  by  the  Waterworks,  one  mile  W.S.W.  of  the  town. 

There  is  also  a  veiy  good  section  in  a  quarry  at  Hallington,  two 
miles  W.S.W.  of  Louth,  where  some  extent  of  the  Tottemhoe  Stone 
or  **  grey  bed  "  is  ex[X)8ecl.    It  is  here  4  feet  tliick,  and  consists  of  : 

ft. 
Hard  grey  chalk,  open  jointed,  and  breaking  into  blocks    -  1} 

Grey  nodular  chalk  with  yellow  stains  and  a  layer  of  shale 
at  the  base 2j 

Above  these  are  13  feet  of  chalk,  including  the  lower  pink 
band,  and  below  the  Totternhoe  Stone  are  12  feet  of  greyish-white 
chalk. 

The  same  succession  can  be  seen  in  an  old  pit  behind  the  lodge 
at  the  entrance  to  Welton  Vale,  1 J  miles  west  of  Louth  ;  and  again 
at  Withcall  Station,  on  the  Louth  and  Lincoln  line.  From  the 
station  these  beds  can  be  followed  for  some  distance  westward  along 
the  line,  for  though  the  dip  is  westward,  the  beds  are  broken  by  a 
succession  of  small  faults  with  up-throws  on  the  western  side,  so 
that  the  beds  are  repeated  again  and  again.  Another  good  exposure 
very  like  that  at  Hallington  is  shown  in  a  quarry  by  Pan  Holes 
Lane,  E.X.E.  of  Donnington  Station  ;  theTottemhoe  Stone  is  here 
3^  feet  thick,  and  the  lower  band  of  pink  chalk  is  also  exposed. 
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One  of  the  pink  bands  (probably  the  lower  one)  has  been  seen  in 
a  pit  on  the  road  from  Kirmond-le-Mu'e  to  Tealby,  and  again  on 
the  ridge  to  the  south-east  of  Binbrook,  but  north  of  these  places 
the  colouring  disappears.  The  extent  of  ground  in  a  north-west 
and  south-east  direction,  over  which  these  coloured  bands  occur, 
is  about  18  miles. 

The  equivalent  of  the  Tottemhoe  Stone,  with  some  thickness  of 

the  overlying  chalk,  is  visible  in  a  quarry  at  Grassby,  a  village 

about  3  miles  north-west  of  Caistor.    The  dip  is  eastward,  and  the 

beds  are  broken  by  two  faults,  but  the  following  succession  can  be 

measured  :  — 

ft 
Greyish- white  marly  chalk,  with  buflf-coloured  marly  Uintls        1*2 

Hard  rough  nodular  chalk 1 

Grey  shale  and  loose  chalk    -        -        -        -  -  J 

Hard  grey  gritty  stone,  with   large  Ammonites  and  other 
fossils,  and  having  a  line  of  decomposed  pyrite  nodules  at 

the  base  (Tottemhoe  Stone) 3  J 

Hard  gi'eyish- white  chalk  in  beds  alx)ut  a  foot  thick,  with 
shaly  partings       -       ,  H 

25 

The  higher  beds  of  the  Lower  Chalk  are  exposed  in  the  large 
ciuarry  at  South  Ferriby,  whence  inan\'  thousand  toiLs  of  chalk 
have  l)een  removed.  This  quarry  is  about  75  feet  deep,  and  the 
section,  as  seen  by  Mr.  W.  Hill  in  1887,  is  as  follows  :— 

ft. 

Middle  Chalk  (for  details,  see  p.  484.) 45 

Thin  greenish-grey  marly  veins,  enclosing  whiter  marly 
Belem-         chalk  ------...        ^ 

nite        Smooth  grey  laminated  marly  chalk    -        -        -        -      2 

Marls.      Dark  bluish-grey  laminated  marly  chalk,  variegated 

with  lighter  grey  (Act.  plenus)        -        .        -        .       i 
y  f     Very  rough   nodular   chalk,  passing   down  into  less 

''f      .      Hard  whitish  chalk  in  a  massive  course    -  -      2^ 

^^cti8         Oreyish- white  chalk,  weathering  into  thin  platy  pieces 

along  greenish  marly  veins     -       .       -       -  lo 

When  I  visited  the  pit  in  1883  lower  beds  very  exposed,  viz., 

ft. 

Greyish-white  chalk;  as  above 3 

Hard  compact  whiter  chalk    -----      2 
Grey  nodular  chalk,  with  irregular  seams  of  shale  -        -       .      6 

The  Belenmite  Marl. 

At  the  southern  end  of  the  Wolds  a  quarry  half  a  mile  west  of 
Welton  shows  at  the  top  two  layers  of  dark-grey  marl,  enclosing 
a  course  of  hard  whitish  chalk. 

They  are  seen  again  in  a  large  quarry  at  Claxby,  but  here  con- 
sist of  one  bed  of  grey  marl,  about  a  foot  thick,  and  full  of  yellow- 
coated  nodules  of  liai*d  clialk. 
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In  a  quarry  half  a  mile  south-east  of  Caloeby  it  consists  of  dull 
red  laminated  marl  (18  inches),  with  (5  inches  of  rubbly  marl  below 
containing  lumps  of  hard  yellowish  chalk. 

At  South  Thoresby  it  has  again  a  different  aspect,  being  well 
exposed  there  in  the  western  part  of  the  quarry  N.E.  of  the  village : 
here  it  consists  of  variegated  marl  and  chalk  in  three  layers,  each 
about  6  inches  thick ;  the  upper  is  a  yellowish  laminated  marl ; 
the  middle  consists  of  grey  lumpy  and  marly  chalk,  the  lowest 
of  soft  mottled  marl,  red,  butt',  and  green. 

Half  a  mile  W.N.W.  of  Swahv  it  is  3  feet  thick,  and  consislw  of 
pink  shaly  chalk  above,  passing  down  into  mottled  grey  and  purple 
marl,  which  has  a  basement  layer  of  loose  lumps  of  hard  chalk. 
This  rests  on  an  undulating  surface  of  the  hard  pink  chalk  below. 

In  Mr.  Larder's  quarry  b>  the  TiOiulon  Road,  just  south  of  Ijouth, 
the  7Ayne  is  represented  by  IS  inches  of  soft  argillaceous  marl,  of  a 
bluLsh-grey,  variegated  with  rtnl.  and  enclosing  hard  chalk  pobbhv 
at  the  base.  On  the  north  side  of  Louth,  at  Mr.  Taddison's  quarry, 
thei'e  are  two  beds  of  grey  marl  with  a  course  of  marly  chalk  between 
them  (see  p.  221). 

To  the  westward  near  the  main  esc<u*pment,  and  one  mile  K.S.E. 
of  ( Jayton-le-Wold,  a  small  pit  exposes  the  following  section : — 

ft. 
Ohaiky  soil  and  hroken  marly  chalk  -        -        -        -      2^ 

Buff -coloured  marl,  witli  a  Ixind  of  chocolate-red  marl  in  the 
middle  and  a  layer  of  hard  yellowish  chalk  pebbles  at  the 

base •-        -Ij 

Hard  yellowish-white  chalk,  with  thin  seams  of  red  and  yellow 
marl 5 

in  North  Lincolnshire  this  horizon  is  exposed  in  two  quarries 
near  CUistor.  One  of  thase,  three-quarters  of  a  mile  east  of  Nettle- 
ton  Church,  shows  the  following  Ijeds  :  — 

ft. 

Middle    /Hard  hnfr-ioloured  ilialk,  with  slial\  scams                   -  5    " 

Chalk.   \Softer  marly  chalk          -        -        -        -        -        -        -  i2A 

Soft  laminated  marl,  light  grey  at  top  and  bottom,  with 

Lower          a  purplish  band  in  the  middle  {BeUmnite  Marl)       -  1  \ 

Chalk.      Hard  cream-white  chalk  in  regular  beds    -        -        -  5 

Talus  concealing  lower  beds 20 

The  other  quarry  is  three  furlongs  south-east  of  Caistor,  and 
the  variegated  marl  is  exposed  at  the  bottom. 

The  section  in  the  large  quarry  at  South  Ferriby  has  been  given 
above,  and  here  the  zone  of  Act.  plenus  exhibits  a  more  normal 
character,  consisting  of  two  marly  bands  with  a  course  of 
grey  marly  chalk  between  them.  Here,  too,  Act,  plenus  is  not  an 
uncommon  fossil,  whereas  in  the  rest  of  lincolnshire  it  is  so  rare 
that  no  specimen  was  found  dming  the  progress  of  the  Survey. 
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Fossils  from  the  Lower  Chalk  of  Lincolnshire. 


This  list  is  based  on  tiiat  given  by  Mr.  W.  Hill  in  the  paper  quoted, 
supplemented  by  such  species  as  were  collected  by  myself  and  by 
Messrs.  Allen  and  Rhodes  for  the  Geological  Survey  :— 


Zone  of 

Ammooitet 

TAriftm. 


2k>De  of  Olfaitef  Sphiericua. 


Tottemhoe 
Btone. 


UpptrB«dt. 


Pisces, 
Scapanorhynchus  raphiodon,  Ag. 
„  subulatuB,  Ag. 

Ptychodus  decurrens,  Ag.  - 


»» 


•» 


>» 


Cephalapoda, 
Ammonites  [Haploceras]  Austeni,  Sharpe- 
[Acanth]  naviculans,  Mant  - 
Tachyd.]  cf,  perampius,  Mant. 
Acanth.]  rotomagensis,  d'Orb, 
Schloenb.]  varians,  Sow, 
Turrilites  scheuchzerianus,  Bosc. 

„        tuberculatus  1  Bosc,  - 

Actinocamax  lanceolatus,  Sow  - 

„  planus,  Blainv,    - 

Lamellibranchiata. 

Anomia  sp. 

Aucellina  gryphwoides,  Sow, 

Elxogyra  conica,  Sow,      -        -        -        - 

j,       haliotoidea,    Sow, 
Inoceramus  latus,  d'Orb.  non  Mant, 
„  mytiloides   1  Sow, 

„  striatus,  Sow, 

Lima  echinata,  ^t^. 

„    globosa,    Sow,  -       -       -       . 

Ostrea  curvirostris,   Nilss, 
acutirostris,    Nihs. 
vesicularis,  Lam,   -        -        -        - 

Pecten  Beaveri,  Sow, 

fissicosta,  Eth,  -  -  -  . 
orbicularis,  Sow,  -  -  -  . 
Piicatula  inflata,  Sow.  -  -  .  - 
Teredo  amphisbaena,  Goldf, 

Brachiopoda, 
Kingena  lima,   Defr,        .        .        -        . 
Magas  pumilus  ?  Sow,     -        -        -       - 
Rhynchonella  Cuvieri,  d'Orb,   -       -       - 

mantelliana,  Soiv, 
Martini,    Mant,  - 
lineolata,  Phil,  -       -        . 
Terebratula   biplicata,  Sow.     -        -       . 
capillata,  d'Arch,   - 
semiglobosa,  Sow,- 
snlcifera,  Morris   - 
Terebratiilina  aodulosa,  Eth,    - 
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Fossils  from  the  Lower  Chalk  of  Lincolnshire.— confd. 


Zone  of 

Zone  of  OffMter  Sphsericns 

1  Ammonites 
varians. 

1 

Tottenihoe  | 
Rtonc.      j 

upper  beds. 

Crustacea. 

( 

PoUiftipes  ap.      -        -        -                - 

X 

— 

Annelida. 

Serpula  aatiquata,  Smv.    - 

— 

X 

X 

,,    umbonata,  Mant. 

— 

X 

X 

„          sp.          .... 

X 

— 

— 

Echinodermata. 

Cidaris    dissimilis,    Forbes 

1           ^ 
1 

X 

— 

„      cf,   sceptnfera,   Mant. 

— 

— 

X 

Discoidea  cylindrica,   lAim. 

X 

X 

X 

Goiiiaster    (ossicles) 

-    ■          — 

— 

X 

Holaster  subglobosns,  Ixfske     - 

X 

X 

X 

„       trecensis,  Leym.  (low  var.) 

X 

— 

X 

Offaster  sphsBriciis,  Schliiter 

— 

X 

X 

Pfloudoiliadonm  variolare,  Brongv.  - 

X 

— 

— 

Spoiiffida. 

Brachiolites  sp. 

— 

— 

X 
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THK  LOWKU   CHALK   TN   YORKSHIRE. 


(tKXKRAL    DESCRimOX. 


Tho  Lower  Chalk  of  Yorkshire  ia,  on  the  whole,  similar  to  that 
of  liincolnshire.  It  emerges  from  beneath  the  Hiunter  at  N"orth 
Ferriby,  and  the  level  of  its  outcrop  rises  rapidly  as  it  is  traced  to 
the  north-west,  till  near  Leavening  it  is  about  600  feet  above  the 
sea.  Its  strike  then  begins  to  change,  the  anticline  of  the  Vale 
of  Pickering  giving  it  an  east  and  west  direction,  so  that  it  runs 
eastward,  and  at  the  same  time  falls  in  level  till  it  passes  beneath 
the  sea  at  Speeton. 

The  thickness  of  the  Lower  Chalk  in  Yorkshire  varies  considerably. 
N'ear  South  Cave  it  is  about  72  feet ;  at  the  extreme  north-west 
corner  of  the  Wolds,  near  Leavening  and  Wharrani,  it  is  not  more 
than  60  feet,  and  possibly  less  ;  while  at  Speeton  it  attains  a  thick- 
ness of  123  feet.  It  is  evident,  therefore,  that  a  rapid  diminution 
of  thickness  takes  place  from  east  to  west. 

Our  knowledge  of  the  I^ower  Chalk  of  Yorkshire,  its  limits,  struc- 
ture, and  fossil  contents,  is  due  almost  entirely  to  Mr.  W.  Hill, 
who  followed  up  his  revision  of  the  Lincolnshire  Chalk  by  a  thorough 
examination  of  the  Yorkshire  Lower  Chalk,  and  the  details  given 
in  the  following  pages  are  taken  chiefly  from  his  excellent  pai^er,* 
supplemented  by  some  information  from  a  paper  by  Professor  J.  F. 
Blake,  f  and  from  the  Geological  Survey  Memoira  by  Mr.  C.  Fox- 
Strangways. 

Zone  of  Ammonites  varians, — Along  the  main  escarpment 
this  zone  has  the  same  general  aspect  as  in  Lincolnshire.  At  the  hise 
there  is  a  bed  of  hard  white  limestone,  often  tinged  with  pink  or 
yellow,  and  often  passing  down  into  the  Red  Selbornian  limestone, 
just  as  in  some  parts  of  Southern  England  Chalk  Marl  passes  down 
into  Upper  Greensand. 


*   Quart.  Journ.  Geol.  See.,  Vol.  xliv.  p.  320,  1888. 

t    "  Ou  the  Chalk  of  Yorkshire,"  Proc.  Geol,  Assoc.,  Vol.  v.  p.  232,  1878, 
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Above  this  limestone  are  beds  of  hard  grey  shelly  stone  (Inocera- 
mus  Bed),  succeeded  by  some  thickness  of  rough  greyish  nodular 
or  lumpy  chalk,  which  weathers  into  thin  platy  pieces. 

Along  the  escarpment  the  thickness  of  this  zone  does  not  vary 
much,  being  apparently  from  25  to  31  feet,  but  at  Speeton  it 
presents  quite  a  different  aspect,  and  one  which  recalls  in  some 
respects  the  more  marly  facies  of  the  southern  counties.  Its  thick- 
ness is  at  the  same  time  increased  to  77  feet,  and  some  of  the 
material  is  coloured  pink. 

TJie  zone  of  0 faster  sphcericiu  also  presents  the  same  aspect 
as  in  Lincolnshire.  At  its  base  is  a  bed  of  grey  shelly  chalk,  which 
is  the  continuation  of  the  "  grey  bed  "  or  Tottemhoe  Stone,  and 
this  is  recognisable  throughout  Yorkshire. 

Above  the  Totternhoe  Stone  there  is  generally  3  or  4  feet  of  hard 
chalk,  and  then  softer  chalk  with  much  marly  matter  either  in 
thin  seams  or  around  lumps  of  harder  chalk.  Part  of  these  beds  is 
often  coloured  red  or  pink,  but  is  not  always  so  coloured.  The  higher 
beds  consist  of  hard  whitish  chalk  in  regular  beds,  weathering  into 
platy  or  flattish  lenticular  pieces. 

The  thickness  of  the  zone  of  Off  aster  spkoericus  is  about  40  feet 
at  South  Cave,  and  is  probably  rather  thinner  to  the  northward, 
but  no  complete  section  has  yet  been  recorded  near  Leavening  or 
Wharram.  At  Speeton  its  thickness  is  44  feet,  so  that  this  portion 
of  the  Lower  Chalk  maintains  a  much  more  regular  thickness 
than  the  lower  part. 

At  the  summit  there  is  everywhere  a  thin  representative  of  the 
Belemnite  marl.  Along  the  course  of  the  main  escarpment  this 
seems  to  consist  of  two  layers— a  band  of  yellowish  marly 
chalk,  and  a  layer  of  soft  grey  marl  below,  often  variegated  in  grey 
buff,  and  black.  Although  there  can  be  no  doubt  about  the  corre- 
lation of  these  marls,  no  specimen  of  Actirwcamax  plenus  has  yet 
been  found  in  Yorkshire. 


4^10.  ii 
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The  acoompanying  diagram  shows  the  variations  in  the  thick- 
ness of  the  two  zones  in  different  parts  of  Yorkshire  :  — 
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^  .  Stratigraphical  Details 

Zone  of  Ammonites  varians. 

The  first  good  section  through  these  beds  is  to  be  found  in  the 
railway  cutting  east  of  South  Cave.  The  following,  details  were 
taken  by  Mr.  Hill  on  the  north  side  of  the  line,  200  yards  east  of 
the  signal-box  at  Weedly  Springs,  and  continued  at  the  east  end  of 
the  short  tunnel : — 

ft. 
"Grey  Bed,"  or  Totter n hoe  Stone  (east  of  tuuiiel) 
Hard  whitish  chalk,  rather  rough        -        -        -        about    20 
Hard  grey  chalk,  the  lower  part   being  gritty  [or  shelly] 

chalk,  divided  into  courses  by  marl-bands  -       -        -       -    10 
Compact  yellowish  white  limestone,  rather  broken,  but  appear- 
ing to  graduate  into  the  Red  limestone  below     -        -        -      1 

31 

Very  few  natural  exposures  or  quarry  sections  of  the  Lower  Chalk 
occur  along  the  escarpment  between  South  Cave  and  Leavening,  but 
the  basement  beds  are  exposed  in  a  small  pit  in  Garrowby  Park, 
half  a  mile  east  of  the  hall. 

A  complete  section  through  this  zone  is  found  in  a  slipped  mass 

of  chalk  at  Leavening,  which  shows  :— 

ft. 

Grey  chalk  (see  p.  232  for  details) 19i 

/Hard  whitish  chalk  in  fairly  thick  beds      -       -        -      ^i 
Seam  of  grey  marl 

Thin- bedded  chalk,  rather  rough  and  nodular,  weather- 
ing into  thin  platy  pi«ces  -        -        -        -        -        -      8 

Hard  greyish  gritty  massively- bedded  chalk  (Inocera- 

mus  Bed) 0 

IHard  crystalline  reddish-yellow  limestone    -        -        -      1 
Selbornian.  Red  limestone  with  coarse  sand  below. 


-«1 
o  -x  \ 

O 
tS3 


There  are  pits  near  Wharram  Grange  by  the  railway  near  Whar- 
VBxa  Station,  on  Scragglethorpe  Brow,  and  at  Knapton  \Vo<k1,  but 
the  chalk  at  all  these  places  is  much  broken,  and  partly  obst»,inMHl 
hv  talus,  so  that  the  succession  could  not  be  made  out. 

The  upper  portion  of  the  Chalk  Marl,  rough,  greyish-whit<»,  and 
weathering  into  platy  pieces,  is  exposed  on  tlie  slope  of  the  deep 
combe  west  of  Ganton  Hall.  Between  20  and  *^0  feet  are  visible, 
and  Mr.  Blake  remarks  that  in  this  neigh lx)urhocxl  the  Bed  (Mialk 
(Selbornian)  crops  out  near  the  200  feet  contour  level,  while  chalk 
with  Inoceramus  mytUoides  is  seen  at  450  feet,  so  that  the  thirk- 
ness  of  Lower  Chalk  here  may  be  as  great  as  at  Speeton. 

We  now  come  to  the  cliff  section  on  the  coast  east  of  Speetun 
G4p;'the  section  commencing  alx)ut  half  a  mile  east  of  tlie  mouth 
of   Speeton  Beck,  near  a  spot  marked  on  the  Ordnance  map  as 

4219.  g  2 
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Nanny  Groat's  House,  and  extending  for  about  a  mile  eastward, 
though  the  lower  beds  are  frequently  concealed  by  talus  and  fallen 
masses. 

This  section  has  been  described  by  several  writers,  notably  bv 
Mr.  WUtshire,*  Dr.  Barrois,t  Mr.  J.  F.  Blake,t  and  Mr.  W.  Hill,§ 
but  Mr.  Hill's  is  the  only  complete  accoimt  of  the  Lower  Chalk  of 
Speeton,  because  no  one  had  previously  fixed  its  upper  limit.  Ah 
to  the  succession  of  the  lower  beds,  Mr.  Wiltshire,  Dr.  Barrois,  and 
Mr.  Hill  are  in  close  agreement,  but  here  again  the  last  was  tlie 
tirst  to  recognise  the  representative  of  the  Tottemhoe  Stone  or 
**  ^rrey  bed,"  which  fixes  the  summit  of  the  Am.  various  zone. 

The  following  accoimt  of  the  beds  below  this  horizon  is  compiled 
from  that  given  by  Mr.  Hill,  but  the  numeration  of  the  beds  is 
mine.  Bed  1  corresponding  with  his  2,  and  Bed  2  with  the  lower 
part  of  his  3,  which  I  have  subdivided.  Dr.  Barrois'  thicknesses 
are  also  given  to  show  how  closely  they  correspond  with  Mr.  Hill's  : — 

Hill.       Barrois. 
ft.  ft. 

The  Grey  Bed  (see  postea  p.  233). 

(4,  Bedded  grey  chalk,  the  upper  part  in  beds  ^ 
about  2  feet  thick  with  marly  partings, 
the  lower  beds  more  nodular  and  rougher 
from  the  abundance  of  comminuted  shell- 
fragments 39        +32 

3.  Nodular  marly  chalk,  with  lenticular 
layers  of  smoother  chalk ;  the  upper  2^ 
feet  coloured  pink,  the  lower  7  J  feet  grey    10  13 

2.  Nodular  marly  chalk,  the  upper  10  feet 
having  grey  lumps  in  a  matrix  of  pinkish 
marl,  the  lower  8  feet  being  wholly  of  a 
brick-red  colour        -•-        -        -        -18  15 

1.  Bluish-grey  nodular  chalk,  with  marly 
Ijands  containing  Bel.  minimus  near  the 

base 10  10 

Red  Chalk  (Selbornian). 


I 
I 

1^ 


a 


77  -i-70 


Mr.  Hill  observes  that  ordinarily  only  5  feet  of  Bed  1  are  visible 
at  the  base  of  the  cliff,  but  that  occasionally  the  whole  of  it  is  exposed, 
and  it  can  then  he  seen  to  pass  down  int^  smooth  red  clialk. 

The  above  succession  is  different  from  that  seen  anywhere  else 
ill  Britiiin  ;  the  well-marked  courses  of  hard  white  or  pinkish  chalk 
(Sponge  Bed)  and  of  hard  shelly  stone  (Inoceramus  Bed),  which 
are  constant  all  through  the  Woldn  of  Lincolnshire  and  Yorkshire, 
cannot  be  distinguished  at  Speeton.  Mr.  Hill,  however,  remarks 
that  the  beds  above  numbered  1,  2,  and  3  are  com|>arable  in  general 
characters  with  the  Chalk  Marl  of  Cambridge,  Suffolk,  and  South 


•  Geologist,  Vol.  ii.  p.  261,  1859.    Also  reprinted  for  the  Geologists* 
Association. 
t  Recherches  sur  le  Terr.  Cr^t.  Sup.,  1876,  p.  194. 
I  Proc.  Geol.  Assoc.,  Vol.  v.  p.  232  (l878). 
f  Quart.  Journ.  QeoL  See.,  VoL  ittv.  p,  348  (1888). 


_    W 


I.OWER    PHAI.K — yoKKSHTRE.  2-^1 

Norfolk,  that  Avicida  gryphceoides  is  a  cuaiinon  fossil  in  them, 
as  it  is  also  in  the  Sponge  Bed  and  in  the  lower  beds  of  Chalk  Marl 
in  the  counties  above  mentioned ;  lastly,  that  at  the  b^se  of  Sed  4 
there  is  a  great  increase  in  the  quantity  of  shell  fragments.  From 
this  evidence  he  concludes  that  Beds  1,  2,  and  3  (with  a  combined 
thickness  of  38  feet)  are  an  expansion  of  the  SjKjnge  Bed,  just  as 
we  saw  reason  to  conclude  that  in  Norfolk  the  Six)nge  Bed  is  a  con- 
densation of  some  25  feet  of  the  Chalk  Marl  proved  at  Stoke  Ferry  ; 
he  also  thinks  that  the  lower  part  of  Bed  4  corresponds  to  and  is 
an  expansion  of  the  Inoceramus  Bed. 

With  respect  to  the  colour-bands,  both  Mi\  Blake  and  Mr.  Hill 
have  pointed  out  that  they  are  not  restricted  to  definite  strati- 
graphical  horizons,  but  that  even  within  short  distances  the  red 
colour  dies  out  of  one  and  reappears  in  a  different  bed.  Thus 
the  red  colour  at  the  base  of  Bed  2  "  forms  an  imdulating  line 
which  does  not  coincide  with  the  plane  of  stratification."  Again, 
near  Nanny  Goat's  House  the  whole  of  Bed  4  is  grey,  while  there 
is  6  feet  of  pink  chalk  above  the  Grey  Bed  (in  Mr.  Hill's  Bed  5). 
A  mile  further  east,  where  this  bed  comes  down  to  the  beach, 
there  is  no  red  colour  in  No.  5,  but  8  feet  of  the  chalk  below  the 
Grey  Bed  is  coloured  pink ;  moreover,  a  little  further  east  there 
is  no  coloiu*  at  either  horizon. 


Zone  of  Offiuster  sphaBricns. 

The  first  good  section  in  South  Yorkshire  is  afforded  by  the 

cutting  on  the  Hull,  Barnsley,  and  West  Riding  Railway.     The 

following  succession  was  taken  by  Mr.  W.  Hill  on  the  south  side  o£ 

the  line,  about  400  yards  west  of  Sugar  Loaf  Hill  :— 

ft. 
Rather  hard  whitish  chalk,  weathering  in  platy  pieces,  in 

courses  divided  by  seams  of  marl 23 

Hard  chalk,  whitish  above,  greyish  below,  with  a  grey  marl 

band  at  the  base  (fossils) Ij 

Hard  whitish  chalk,  weathering  into  rough  platy  fragments, 

divided  into  courses  by  marly  seams  -       -  -       -      G 

Softer  marly  chalk,  rather  nodular,  bedding  indefinite,  stained 

a   bright  pink 4 

Hard  rough  whitish  chalk    -        -        -       -  -        -      3 

Tottemhoe  Stone,— 'HArd  grey  nodular  chalk,  becoming  platy 

below,  with  green -coated  nodules  at  base         -       -       -      Ij 
.J  

38j 

Mr.  Hill  obtained  many  fossils  from  the  Tottemhoe  Stone 
or  "  Grey  Bed,"  and  he  remarks  that  **  large  Ammonites  are  common 
as  usual  at  or  just  above  the  horizon  of  the  '  Grey  Bed,'  and  I  left 
one  in  the  cutting  1  foot  8  inches  in  diameter." 

The  next  good  exposure  of  these  beds  is  near  Park  Farm,  Londes- 
l)orough,    Qt  this  Mr.  Hill  5myB  :— "  I  hardly  think  the  chalk  seen 
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here  ia  in  its  natural  order ;  most  of  the  higher  beds  seemed  to  me 

to  be  slipping  over  the  lower  ones.    .    .    .    The  central  jMuii  seemed 

fairly  solid  and  continuous.   I  give  the  following  section  for  what 

it  may  be  worth  :  — 

Feet. 
Rubbly  chalk  and  soil  with  marked  indications    of  the 

Belemnite  marls  at  the  base 2-3 

Face  obscured  by  talus,  chalk  appeared  broken  up  [and  has 

probably  slipped] -  10-12 

Hard  roughish  chalk,  weathering  into  platy  pieces,  thin  marl 

bands --3 

Rather  soft  marlv  pink  clialk 3  J 

Hard  rough  chalk,  with  green-grey  marl  bands   .        .       -      5 
Tottemhoe  Ston€.— Hard  grey  chalk,  rather  nodular,  with 

green-coated  nodules  at  the  ba^e  (fossils)    -       -       -       '      ^i 

About    27 

The  marly  pink  band  is  seen  again  in  XJncleby  Dale,  but  there  is 
no  clear  section. 

The   Tottemhoe  Stone  and   some   of   the   overlying   chalk   is 

exposed  in  the  sUpped  mass  at  Leavening  above  the  Chalk  Marl 

(see  p.  229).     The  details  given  by  Mr.  Hill  are  as  follow  :  — 

ft. 

Chalk  rubble,  much  broken  up 6 

Whitish  chalk,  not  hard,  much  broken,  but  apparently  in 
place,  irregularly  bedded,  with  strongly  marked  buff- 
coloured  bands  of  marl 9 

Whiter  chalk,  less  marly  than  hard 2^ 

Grey  .6^.— Hard  grey  nodular  chalk,  dearly  distinguishable 
from  that  above  and  below 2 

I 

19i 

No  pink-coloured  chalk  was  seen  here,  but  a  yard  or  two  beyond 
the  point  where  the  section  ends,  rubble  of  pink  chalk  is  seen  ;  its 
exact  position  in  the  section,  however,  was  not  determinable.  Pink 
chalk  overlying  greyish  chalk  is  also  seen  about  a  quai'ter  of  a  mile 
east  of  Swinham. 

Mr.  Hill  thinks  that  the  thickness  of  the  Off.  ^phoericus  zone 

in  this  district  is  about  35  feet,  but  there  is  no  means  of  measuring 

exactly.    Eastward,  along  the  northern,  brow  of  the  Wolds,  it 

Ijeconies  thicker,  and  a.  fairly  good  section  of  it  is  exposed  in  the 

side  of  the  combe  we^st  of  Ganton  Hall.    The  succession  is  given 

iW  follows :  — 

ft. 
Middle  Chalk,  zone  of  Inoc,  mytUoideSy  -       -       -    seen  for    8-10 
[Thin-bedded  platy  chalk,  much  covered  by  d/bris,  and 

n%      I    ^^^  ®^^  **  intervals 38 

Off,      I  Pinkish-red  chalk,  rather  soft  and  marly    -       -       -        4 

sph^icus.  iRouffh  chalk  with  marly  bands 6-8 

Zone  of  fHard  lumpy  chalk,  darker  ctcv  than  th^  above  -        -        2 

Am.    (Rough   greyish-white  chalk,   \\ Gathering  into   platy 
varians.  \     pieces 4  20 
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Mr.  Hill  did  not  recognise  the  Tottemhoe  Stone  here,  but  it 
should  occiu'  a  few  feet  below  the  pink  chalk.  Some  of  the  beds 
seem  to  have  slipped  a  little  out  of  place. 

Lastly,  there  is  the  fine  section  of  the  Si)eeton  clifis,  of  which 
the  following  account  is  compiled  from  that  given  by  Mr.  Hill :  — 

The  first  coui'se  above  the  Chalk  Marl,  from  which  it  is  separated 
by  a  layer  of  grey  marl  3  inches  tliick,  is  a  bed  of  grey  chalk  2  feet 
thick,  rather  nodular  and  hard.  This  is  the  "  Grey  Bed  "  or  Tot- 
temhoe Stone,  and  is  markedly  greyer  than  the  beds  above  and 
below.  It  can  be  followed  from  Nanny  Goat's  House,  with  tin? 
dip  of  the  beds  to  the  south-east  to  the  point  where  it  disappeai*s 
below  the  beach.  It  retains  its  solid  appearance,  and  does  not 
break  up  under  the  influence  of  weather  or  of  waves  ;  but  the  lower 
6  inches  spUts  readily  into  flake«  and  graduates  into  the  under- 
lying layer  of  marl.  It  contains  Pecten  orbicularis,  Holaster  sub- 
globosus,  Lima  echinata,  and  other  fossils,  but  they  are  not  in  a 
good  state  of  preservation. 

For  20  feet  above  this  bed  the  elialk  is  very  hard  and  nodular 
or  lumpy ;  the  lumps  are  separated  by  marly  material,  and  the 
whole  is  divided  into  beds  by  strongly  marked  marl  bands.  Tlie 
marly  part  is  generally  of  a  bluish  or  greenish  colour,  but  at  Nanny 
Goat's  House  the  lowest  5  or  0  feet  are  coloured  pink.  Eastward, 
however,  this  colour  band  passes  to  a  lower  horizon. 

Above  this  chalk  is  a  3-feet  bed  of  greyish-bufl*  chalk  with  darker 
grey  veins  and  streaks.  It  weathers  out  along  the  cliff  as  a  ma8si\  (» 
and  soUd  bed,  and  is  separated  from  the  chalk  below  by  a  la^er 
of  marl,  in  which  Ostrea  vesicvlarU,  Terehratula  Hplicata,  and  Ter. 
semiglobosa  are  very  abundant. 

To  this  succeeds  19  feet  of  hard,  white,  fanly  smooth  chalk  divided 
into  r^idar  coiu^es  by  thin  seams  of  shaly  marl.  The  total  thick- 
ness of  this  zone  at  Speeton  is  therefore  44  feet. 

The  Belemnite  MarL 

Inland,  along  the  com^e  of  the  main  escarpment,  this  bed  seems 
to  consist  entirely  of  grey  marl  and  yellowish  marly  chalk  generally 
in  two  courses  only,  but  at^^P^eton  it  has  the  Midland  facies  of  two 
marly  layers  separated  by  a  course  of  hard,  w^hite  chalk. 

The  first  place  north  of  the  Humber  where  these  beds  are  ex- 
posed is  the  Greystones  Pit,  three  quarters  of  a  mile  north  of  Melton. 
Most  of  the  face  is  obscured  by  talus,  but  near  the  top  there  is  a 
band  of  laminated  marl,  almost  black  in  the  centre,  dark  grey  at 
the  top  and  bottom. 

The  next  expo8xu*e  is  in  the  railway  cuttings  east  of  South  C\ive, 
and  the  Belemnite  Marls  come  down  to  the  level  of  the  line,  alwut 
85  yards  west  of  the  bridge  near  the  entrance  to  the  tunnel  under 
Sugar  Loaf  Hill,  where  the  section,  as  described  by  Mr.  Hill,  is:— 


234  THE   CRETACEOUS   ROCKS  OF   BRITAIN. 


ft.   in. 
Middle    Chalk       -        -  ------  13    0 

Soft  yellowish  marly  chalk,  enclosing  lenticular  beds 

of  harder  chalk -     1    9 

Soft  grey  marl,  variegated  bluish-grey  and  buff  in 


Belein- 
uite      { 


Marl.  upper  part,  nearly  black  in  middle,  and  greyish- 

l     buff  below 14 

Rough  nodular  chalk,  consisting  of  liarder  lumps  embedded 
in  greenish-grey  marl,  passing  down  into  hard  white  chalk. 

A  Hection  almost  exactly  Himilar  in  its  details,  except  that  each 
of  the  marly  beds  is  18  inches  thick,  is  exposed  in  a  pitabout  a  mile 
and  a  half  south-east  of  Londesborough  by  the  road  leading  from 
Towthorpe  Corner  to  Easthorpe  (for  this  see  p.  232).  There  ai-e 
probably  other  exposures  of  it  in  some  of  the  Wold  valleys,  but 
none  have  come  to  our  knowledge. 

Mr.  Fox-Strangways  was  informed  by  Mr.  J.  B.  Mortimer,  of 
Driffield,  that  tliis  marly  band  was  formerly  seen  in  the  section  near 
Wharram  Railway  Station.* 

In  the  Speeton  cUfF  section  the  Belemnite  marls  consist  of  the 

following  beds,  which  form  a  conspicuous  band  along  the  cliflf  face 

between  the  liard  beds  of  the  Lower  and  Middle  Chalk  :  — 

ft.   in. 

Bedded  chalk  without  flints 76 

I  Variegated  shaly  marl,  bluish-grey  and  buff    -  4-6 

Hard  smooth  white  chalk 10 
Shaly  argillaceous   marl,   grey  above  and   below, 

almost  black  in  the  mid£e 0     0 

In  the  above  account,  the  several  parts  of  the  Speeton  section 
have  been  described  under  the  zoneA  headings,  but  a  summary  of 
the  comi^lete  succession  of  the  beds  forming  the  Lower  Chalk 
in  tlie  Speeton  cliffH  niav  now  ])e  given  : — 

ft.       ^ 

B(*l(!innite  Bods  (as  above) iJ 

/one  of    ^'*""Pii<'t  wiiitish  chalk   in  regular  courses,  the  top  i 

^  Off            ^'ourse  rul)bly,  the  rest  smooth  and  even  -        -        -  19 

Bitlulri-     ^^i^si^'^-  ^^  <^>f  grey  and  white  streaky  chalk       -        -  ;5        • 
ruA        Hough  ncMiuIar  chalk,  divided  into  courses  by  seams 

of  ^'reyisli  marl 20 

Totternhoe  Stone  or  **  Grey  Bed"        -        ...  2 
I  Kougli    grey  chalk  in  beds  about  2  feet  thick,  with 

Zone  of  I      marly  partings 30 

Am.     (  Nodular  and  marly  chalk  (partly  pink)       -        -        -  10 

Nodular  marly  chalk,  grey  and  jed    -        -        -        -  18        . 

Bluish-grey  nodular  chalk,  with  marly  seams    -        -  10 


vai'uins 


123 
FossHs  from  the  Lower  Chalk  of  Yorkshire. 

The  following  li«t  is  taken  from  those  given  by  Dr.  Barrois  and 
Mr.  W.  Hill  in  the  publications  already  referred  to,  with  a  few 
additions  and  corrections  :—c= South  Cave  cutting.  8= Speeton. 
0= other  placas. 


*  Geology  of  the  Country  around  Driffield,  Mem.  Geol.  Survey,  1886, 
p.  9,  ^ 
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( 'c/iltalopMla. 
AinmoifitcB  [Acanth.]  latickviuis  Sliarpe- 
„         [      „      ]rotoniiit.'eiisU,  Jlrimgii 
„  ISchloenb.]  varians,  .*' 

sp.  ... 

Baculites  baculoides,  Sotu. 
Turrilites  iiilxTiiiliiiQit.  fioic. - 
Belemnitea  miniiiuw,  Liiter  - 
Actinocamax  lariceolaliis  1  Sow. 

iMviullibranefiialii. 
Aucellina  grj-phicoides.  Sow.   - 
Avicula  litifiilji,  lio'imr 
Inoceramus  Ciivipri  '(,  How. 

liitiis.  d'Orl).  <nou  J/t 
„  striutiis,  Sow. 

Lima  ecliinata,    Kth. 
„       globoea,     Saw. 
Ostrea   vesiciiiiiria,    Lam. 
Pecteii    orbicularis,    Sow. 
I'li'vil illii  ]iifl!il;i.  Smi'. 
Spondyliis  dutcmpleatiiiH,  d'Orb. 
„  striiitiis,    Smv, 

Hrarkio)X)dn. 
Kingena  lima,  Defr.  -        •        - 
Rhyncfaonella  graaiaiia,  d'Orb. 
„  Uneolata,    Phil. 

„  inantelliaTia,  Sote. 

Tcrebratuta  biplicata.  Sow. 

„        Beniiglobosa,    Sow. 
„  „  var.  fliibun<]iitii, . 

„        squaniosii,  Sow. 
„        sulcifera,     Morris 
Tcrebratulina  trianKularis  t  Ktk. 
„  nudulosa,  Kth.  - 


Vruitacea. 
Olypha^  cretacea  ?  Atd'oy 
Annelidfi. 
Serpula  antiqiiatii,  Snw. 

„        iKiilwmita,    Sow. 
Kciiinodertimta. 
Cidaris  diasimilis,    Forbf.s 

„         veaiciiloaa,  Goldf. 
Gypbosoioa    sp.  - 
DiBcoidea  cylindrica,  Lam, 
Holaater  l^vLt,  lU  Luc. 

„         subKloboaus,  Leslie 

„  trecenaia  t  ieym, 
Offaster  spbfflricus,  SchtUter 
Peltastes  stellulatus,  Ag.  ~ 
Pseudodi%dema  ap.     - 
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CHAPTER    XX. 

THE     EQUIVALENTS     OF     THE     LOWER     CHALK     IN 

THE    NORTH-EAST    OF    FRANCE. 

French  Nomenclature. 

The  divisions  of  the  Chalk  in  France  were  studied  in  some  detail 
much  earlier  than  they  were  in  England.  The  stratigraphical 
explorations  of  d'Archiac,  Buvignier,  and  Leymerie  between  the 
years  1838  and  1850,  together  with  the  systematic  study  of  Cre^ 
taceous  fossils  by  d'Orbigny  between  the  same  dat^,  laid  the  foimda- 
tions  of  the  classification  which  has  \yeen  adopted  in  France. 

The  French  have  never  been  hampered  by  the  idea  of  the  Utho- 
logical  imity  and  indivisibility  of  the  Chalk  which  led  many  English 
geologists  to  resist  the  innovation  of  dividing  it  into  stages.  Their 
country  is  larger,  and  it  includes  a  wider  and  more  varied  series  of 
Cretaceous  strata  deposited  under  diflerent  physical  and  bathy- 
metrical  conditions.  Moreover,  their  classification  had  the  advan- 
tage of  being  based  on  the  evidence  of  fossils  obtained  from  many 
diflferent  parts  of  France,  and  studied  at  the  same  time  by  the 
acute  palaeontologist  Alcide  d'Orbigny. 

Up  to  the  year  1843  the  different  portions  of  the  French  Chalk 
were  known  by  lithological  names,  just  as  they  were  in  England 
—namely,  craie  hlancJiey  craie  tufaUy  and  craie  cMoritee.  But  in  a 
paper  reviewing  the  distribution  of  the  Cretaceous  Cephalopoda 
and  Gasteropoda,*  d'Orbigny  proposed  the  name  Senonien 
for  the  white  or  Upper  Chalk,  taking  it  from  the  location  of  the 
GraUic  tribe  of  Senones  (Sens  in  Yonne),  and  the  name  of  Turonien 
for  the  craie  tufau  and  craie  cJUoritee,  taking  it  from  the  tribe  of 
Turones  (at  Tours),  and  the  province  Turonia  (Touraine). 

Thus,  at  first,  he  only  recognised  two  stages  in  the  Chalk,  which 
roughly  corresponded  with  what  were  at  the  same  time  called 
Upper  Chalk  and  Lower  Chalk  in  England.  Between  1847  and 
1852,  however,  he  became  aware  that  the  group  which  he  had 
called  Tur&nien  contained  two  distinct  assemblages  of  species.  He 
saw  that  his  original  Turonien  should  be  separated  into  two  stagen. 
Accordingly  he  restricted  that  name  to  the  upper  portion,  and 
proposed  a  new  name,  Cenomanian,  for  the  lower  portion,  taking 
it  from  the  ancient  name  of  the  town  of  le  Mans  (Cenomanum), 
where  a  certain  type  of  these  lower  beds  was  well  developed  and 
highly  fossiliferous.f 


*  Bull.  Soc.  G^ol.  de  France,  Ser.  1.,  Vol.  xiv.  p.  480  (1843). 
+  CourB  Elementairc  de  Geologie,  etc.,  Vol.  iii.  (185^2)  p.  631. 
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D'Orbigny  points  out  that  his  Cenomanian  stage  consists  of 
quartzose  sand  in  Sarthe  and  Loire,  of  ""  oraie  chlorit^  "  (chalk  with 
glauconite  grains),  in  Normandy  and  the  Pay  du  Bray,  of  compact 
or  marly  white  chalk  in  the  Aube  Yonne  and  north-east  of  France ; 
and  he  remarks,  '^  it  is  easy  to  see  from  these  great  differences  at  one 
and  the  same  geological  horizon  what  conclusions  we  should  reach 
if  we  relied  on  mineralogical  characters  to  distinguish  the  Creta- 
ceous stages  ;  that  differences  of  opinion  and  of  classification  should 
exist  cannot  astonish  us ;  but  when  we  abandon  that  deceptive 
character  and  substitute  for  it,  as  we  have  done,  palaeontological 
characters,  everything  will  be  simplified  ;  horizons  will  show  them- 
selves clearly,  and  we  shall  see  the  stratigraphy  agreeing  accurately 
everywhere  with  the  palaeontological  results."    {Op.  dt.,  p.  ()38.) 

Things  are  not  quite  so  simple  as  d'Orbigny  supposed  they  would 
be,  and  his  stratigraphic  correlations  are  not  all  correct,  but  he 
was  imquestionably  right  in  believing  that  the  palaeontological 
method  would  give  better  results  than  a  pm*ely  stratigraphical 
or  Uthological  method.  In  this  he  was  only  carrying  out  the  dictum 
of  William  Smith  that  "strata  can  be  identified  by  the  fossils 
they  contain." 

The  following  are  the  Cephalopoda  and  some  of  the  other  fossils 
given  by  d'Orbigny  in  1852  as  characteristic  and  widely  distributed 
members  of  his  Cenomanian  fauna  :  — 


Belemnitella  vera  (= plena). 


Nautilus  triangularis. 
Ammonites  varians. 

„  falcatus. 

„  rotomagensis. 

„  Mantelli. 

Scaphites  sequalis. 
Baculites  baculoides. 
Turrilites  costatus. 


Avellana  cassis. 


Area  passyana. 
CorbiB  rotundata. 
Inoceramus  stria  tus. 
Pecten  asper. 

„     elongatus. 
Pecten  (Neithea)  sequicoetata. 
Spondylus  striatus. 
Discoidea  cylindrica. 

Everyone  will  recognise  these  as  species  which  are  characteristic 
of  oxu*  Lower  Chalk  (including  Chloritic  Marl)  ;  none  of  them  range 
above  it,  and  though  some  of  them  do  range  downward  into  a  bed 
which  we  class  as  Upper  Greensand,  yet  that  bed  is  only  a  few  feet 
thick,  and  may  be  regarded  as  a  passage  bed. 

Some  French  geologists  now  include  the  whole  or  a  part  of  the 
zone  of  Ammonites  rosttdtuB  in  their  Cenomanian,  but  the  pro- 
priety of  such  an  arrangement  does  not  concern  us  here,  for  in  thit« 
chapter  we  are  dealing  with  the  French  equivalents  of  our  Ix)wer 
Chalk  and  not  with  any  particular  conception  of  the  Cenomanian 
stage. 

Stratigraphical   Details. 

BoiiZoTiTiais.— The  only  coast  section  of  the  Chalk  in  the  north- 
east of  France  is  that  of  Blanc-nez,  which  corresponds  to  that  of 
Kent,  near  Dover.  This  has  been  described  by  M.  Chellonneix  and 
Prof.  Barrois,  and  the  following  account  of  it  is  adapted  from  that 
of  the  latter*  :~ 


Proc.  Geol.  Assoc.,  Vol.  vi.  pp.  2S,  29  (1879). 
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Zone  of  Belemnites  plenus.— At  the  top  is  a  bed  of  pale  green 
marl  2  feet  thick  ;  the  chalk  below  is  at  first  greyish,  but 
passes  down  into  hard  whitish  chalk 

Chalk  of  Ammonites  rotoma^erww.— Compact  grey  marly 
chalk 

ChaXk  of  Ammonites  vartarw.— Chalk  marl,  more  or  less 
argillaceous,  with  a  nodular  bed  at  the  base  full  of  Plocos- 
q/phia  moeandrina  and  PL  fenestrata     -    -  -        - 

Chloritic  Marl  {zone  of  Ammonites  /aticZavm«).— The  upper 
part  is  a  sandy  chalk  marl  with  green  grains,  the  lower  part 
a  dark  green  marly  sand,  full  of  phosphatic  nodules  (many 
fossils,  some  phosphatic,  some  not)    -        -        -        -        - 


Ft. 


66 


66 


50 


10 


\\)'l 


It  will  be  seen  that  this  succession  corresponds  very  closely  witli 
tliat  of  Dover  (see  p.  37),  but  is  somewhat  differently  divideil. 

The  Chloritic  Marl  or  zone  of  Am,  latidavivsm  identical  with  our 
zone  of  Stauronema  Carteri,  The  "  Chalk  of  Am.  varianH ''  corre- 
sponds with  Beds  2,  3,  4,  5  of  our  Dover  section.  The  "  Chalk  of 
Ammonites  rotomagensis  "  appears  from  the  thickness  assigned  to  it 
to  correspond  with  our  Beds  6  and  7,  but  as  Dr.  Barrois  records  Am, 
varians  from  it,  some  of  our  Bed  5  may  also  be  included  in  it.  The 
following  fossils  are  mentioned  as  occurring  in  this  66  feet  :  — 


J9 


» 


Ammonites  varians. 

rotomagensis. 

Austem. 
Ostrea  vesicularis. 
Pecten  orUcularis. 
Plicatula  inflata. 

Inoceramus  virgatus,  (»striatus). 
Rhynchonella  mantelliana. 
Serpula  umbonata. 


Holaster  subgloboBus. 

Hemiaster  Morrisii. 
„         Griepenkerli. 

Cidaris  vesiculosa. 

Echinocyphus  difficilis. 

IMtastes  clathratus. 

1  Vudodiadema  ornatum. 

pseudo-orna  tu  m 

Michehni. 

variolare. 


» 


>> 


»> 


The  description  of  the  highest  subdivision  called  by  Prof.  Barrois 
the  zone  of  Bderrvnites  plenus  answers  exactly  to  our  Beds  8  and  9. 
It  appears,  however,  to  be  much  more  fossiliferous  on  the  French 
side,  and  M.  Chellonneix  has  given  a  long  list  of  fossils  obtained 
from  the  whitish  chalk  by  Dr.  Bobbe  and  himself.  Among  them 
are  the  following  :  — 


Cerithium  luschitzianum. 
Solarium  Gk)sseleti. 
Pecten  orbicularis. 
Inoceramus  striatus. 
Exogyra  haliotoidea. 
Ostrea  canaUculata. 
Terebratula  semiglobosa. 

„  squamosa. 

Kingena  lima. 


>» 


>> 


Rhynchonella  grasiana. 

Martini. 

mantelliana. 
Terebratuhna  rigida. 
Teredo  amphisb^na. 
Vermicularia  umbonata. 
Hemiaster  bufo. 
Micrabacia  coronula. 
Onchotrocluis  serpentinus. 


This  assemblage  is  such  as  might  be  found  in  our  Chalk  Marl, 
and  we  cannot  help  expressing  some  doubt  as  to  their  having  all 
come  from  the  higher  beds.  We  give  the  list  because  Prof.  Barrois 
has  quoted  it,  but  we  think  it  requires  confirmation. 
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The  Wissant  type  of  Cenomanian  can  be  followed  all  round  the 
Boulonnais,  but  the  total  thickness  probably  diminishes  somewhat 
to  the  southward. 

CowrUry  of  the  Tourtias—PenieSy  Moiis,  and  ^'ourna^/.— Passing 
over  the  Chalk  country  south-east  of  the  Boulonnais  we  find  the 
Cenomanian  cropping  out  again  in  the  country  to  the  south-west 
and  south  of  Bethune.  This  regfon  has  been  described  by  Mons.  H. 
Parent.*  His  identification  of  a  zone  of  Pecten  dsper  overlain  by 
a  zone  of  Ammonites  laticlavius  has  been  mentioned  in  the  first 
volume  of  this  Memoir,  and  whether  the  latter  or  the  former  is 
regarded  as  the  basement  bed,  it  would  seem  that  there  is  near 
IVmes  and  Matringhem  a  Lower  Chalk  similar  to  that  of  Folke- 
stone and  Wissant,  but  much  diminished  in  thickness.  The  section 
at  Pernes  is  tis  follows  : — 

ft.   in. 

6.  Compact  marly  chalk 40 

5.  Marly  chalk,  sUghtly  shaly  and  glauconitic    -        -        -  2     6 

4.  Marly  glauconitic  sand 26 

3.  Sand  with  more  glauconite 34 

2.  Greensand  with  many  phosphatic  nodules     -        -        -  2     0 
1.  Brownish  clay,  slightly  glauconitic,  resting  on  the  up- 
turned Devonian 26 


] 


16   10 


Of  these  beds  M.  Parent  refers  5  and  6  to  the  zone  of  Holaster 
suhglobosus,  3  and  4  to  that  of  Ammionites  laiiidavivs ;  No.  2  is  his 
zone  of  Pecten  asper,  which  we  have  already  accepted  as  such ; 
the  fauna  of  No.  3  is  certainly  that  of  the  Chloritic  Marl  of 
the  Isle  of  Wight,  for  in  it  occur  Ammxmites  varicms,  A.  Coupeiy 
A.  ManteLli,  TurrUites  Morrisi,  T.  tvbercvlatvs,  T,  costatvs,  Bacur 
lite^  baculoides,  Nautilus  deslongchampsianus,  N,  IcBvigatus,  and 
iV.  largUliertianus,  with  many  other  fossils. 

As  regards  the  higher  part  of  the  stage  M.  Parent  says  :  "  I  have 
only  observed  the  upper  part  of  the  zone  of  HoL  8vbglobo»us  at 
a  few  spots  ;  to  the  north  of  Houdain  it  occurs  as  a  chalky  marl 
with  RkynchoneMa  mantelliana,  Rh.  grasianay  Kingena  Ivnuiy 
Plocoscypkia  mcvaruirina.  At  Pernes,  on  the  road  from  Bailleul- 
les-Pemes  there  is  a  marly  chalk  containing  Holaster  trecensiSy 
I iLoceramus  virgatiis  (striatuSy  Sow,y)  and  In.  orbicularis  (latus, 
d'Orb),  which  I  refer  to  this  zone." 

Of  the  zone  of  Belemnitdla  plena  he  says  :  "  The  only  place  where 
I  have  seen  the  marl  with  Belemnites  plenus  characteristically 
developed  is  near  Fauquembergne ;  it  forms  part  of  the  hill  which 
rises  to  the  east  of  the  village,  and  contains  B.  plenus  at  the  base. 
It  occurs  again  in  a  gully  to  the  left  of  the  road  from  Fruges,  and 
at '  Bout  de  la  Ville  '  in  a  quarry." 

The  most  easterly  quarry  described  by  M.  Parent  at  Aix-en-GoheDe 
shows  a  curious  and  significant  section,  as  follows :  — 

*   Ann.  Soc.  Geol.  du  Nord,  Tom.  xxi,  p.  206  (1893). 
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ft.  in. 


3.  Whitish  marly  glauconitid  chalk,  resting  if i^gularly  On 

.  the  bed  below        -       •        ---.     -        -     seen  for    a    6.     ^ 
2.  Glauconitic  sand,  with  many  phosphatic  nodules  and. 
some  pebbles  at  the  base,  wluch  rests  on  an  eroded  sur- 
face of  No.  1 about    1     0 

1.  Yellowish-grey  clay,  with  some  glauconitic  layers,  con- 
t^^iniiig  many  pebbles  of  older  rocks,  and  piped  into  the 
underlying   Devonian   schists      -        -       -        -  1  to    1      6 

Th^  highest  bed  here  is  identified  as  the  zone  of  Bdemnitea 
plenus,  and  this  species,  together  with  Nautilus  svbradiatus,  occurs 
in  the  glauconitip  sand  below,  which  he  appears  to  regard  as  a  thin 
littoral  representative  of  the  zone  of  Holaster  svbglobosus.  As 
TerAratvla  tomdcensis  is  particularly  abundant  in  this  sand, 
M.  Parent  calls  it  "  les  sables  a  T.  Uvrnacen^is'' 

Massing  still  farther  east  to  the  country  between  Valenciennes 
and  Tournay  and  Mons,  on  the  lx)r(lei*8  of  Belgium,  we  enter  the 
typical  region  of  the  Tourtia  rendered  classical  by  the  memoirs  of 
d'Archiac,  Dumont,  and  Messi^s.  Briart  and  Cornet.  Tourtia  is  a 
name  given  by  the  miners  to  all  the  loose  sands  and  sandy  marls 
which  rest  on  the  surface  of  the  Palaeozoic  rocks.  These  beds  differ 
much  in  character  and  fossil  contents  at  different  places,  and  many 
attempts  have  been  made  to  distinguish  different  horizons  and  to 
C/orrelate  the  "  Tourtias  "  of  different  localities. 

It  can  hardly  be  Siiid  that  the  classification  of  the  Tourtias  is 
yet  settled,  but  Professor  Bjirrois  has  given  reasons  in  his  "  Terrain 
Or^tac^  des  Ardennes  '*  (1878)  for  regarding  the  Tourtia  de  Mons 
as  the  equivalent  of  his  zone  of  Bdemnites  pletius—i.e,,  as  repre- 
senting the  upi^er  part  of  the  Tx)wer  Chalk.  In  the  northern  part 
of  the  area  this  marl  wdth  Bd.  plenns  rests  directly  on  the  Palapozoie 
rocks,  but  further  south  beds  come  in  between  them  (the  Tourtia 
<le  Montignies)  which  he  refers  to  the  zone  of  Pecten  a^per  ;  and  in 
1878  he  was  of  opinion  that  the  zone  of  Holnster  subglobosus  was 
unrepresented  in  this  Department  (0/;.  cit.,  p.  308).  He  admitted, 
however,  on  ]>.  348  that  there  is  a  general  analogy  between  the 
falina  of  the  Tourtia  de  Montigny  and  that  of  the  (Jres  du  Maine, 
and  he  has  informed  me  that  he  now  agrees  with  M.  Parent,  who  in 
1893  suggested  that  this  Toui-tia,  like  the  Greensand  of  Aix-en- 
(rohelle,  was  a  littoral  representative  of  the  zone  of  Hof,  sybglobosvs.  ♦ 

Recurring,  however,  to  the  vie^vs  expressed  by  Professor  Barroit* 
in  1878,  he  was  then  of  opinion  that  the  zone  of  Hoi.  suhglohostts  wa.«< 
absent  not  only  in  the  Nord,  but  also  throughout  the  Departmentv*< 
of  Aisne  and  Ardennes,  yet  he  identi^es  everywhere  a  "  niveau  a 
Ammonites  I<itidavius,"  as  forming  the  upper  part  of  his  zone  of 
Pecten,  asper.  Consequently  he  assumed  that  the  highest  and  the 
lowest   zones  of  what  he  calls  the  **  Cenomanien  Superieur  ^  ar(» 

VI.  .,  * 

,1  - - —  —      -  -  ■ ■■-..-  ^ 

•  Still  more  recently  M.  J.  Cornet  ha.s  described  (Ann.  Soc  Geol.  de  Bele. 
T.  xxviiL  p.  53)  the  beds  traversed  by  some  new  sJiaf ts  near  Mons,  which 
have  disclosad  beds  of  glauconitic  sand  between  the  Tourtia  de  Mons  and 
the  Meule  de  Brac^uegnies ;    these   contain    Am.  [.SVA/.]  inriam^  Am. 

(Acanth.^  i'otonuufensis^  Inttctramu*  itriatu*^  Pecten  asj}e>\  and  other  fossils, 
[^hey  appear  tu  represent  the  £on6  of  Am.  vari€uu, . 
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constant  and  continuous  tlu'oughout  the  east  of  France,  but  that 
the  beds  which  correspond  to  our  Chalk  Marl  and  Grey  Chalk  thin 
out  and  disappear  as  they  pass  toward  the  Palaeozoic  ridge. 

Such  a  stratigraphical  arrangement  is  certainly  possible,  but  it 
is  not  that  which  would  d,  priori  be  most  probable.  The  epoch  of  the 
Cenomanian  in  the  Anglo-Parisian  basin  is  admitted  by  all  geolo- 
gists to  have  been  one  of  gradual  and  continued  subsidence,  which 
permitted  the  waters  of  the  Cretaceous  sea  to  spread  farther  and 
farther  over  the  surrounding  land.  Dr.  Barrois  ofifers  no  evidence 
for  the  idea  of  any  local  interruption  of  this  subsidence  in  the  middle 
of  the  Cenomanian  epoch ;  and  if  there  was  no  such  interruption, 
the  mode  of  thinning  would  most  probably  be  by  overlap. 

As  the  Department  du  Nord  presents  a  special  attenuated  and 
evidently  shallow  water  type  of  liie  Cenomanian,  and  as  the  zones 
of  the  deep  water  English  and  Boulonnais  type  cannot  be  traced 
cx)ntinuously  into  the  Ardennes,  we  think  that  the  relations  of  the 
Tourtias  will  be  better  imderstood  if  they  are  approached  from  the 
south.  We  shall  therefore  first  give  the  succession  to  be  found  in 
the  Departments  of  the  Yonne  and  the  Aube,  where  a  deep-water 
facies  presents  itself,  very  similar  to  that  of  southern  England. 
From  this  i-egion  the  stratigraphical  changes  can  be  traced  north- 
ward along  the  outcrop  which  runs  through  the  Departments 
of  the  Marne,  Ardennes,  and  Aisne. 

It  must  be  understood  that  in  the  following  account  we  have 
taken  Professor  BaiTois'  memoirs*  as  om*  chief  guide  for  the  strati- 
graphical facts,  but  shall  assume  that  the  zonal  correlation  of  the 
beds  is  open  to  revision  and  correction.  On  this  some  I'emarks 
will  be  made  in  the  sequel. 

Departments  of  Yonne,  Avbe,  Marne,  and  Aisne. — Commencing, 
therefore,  in  the  Yonne  we  find  the  Cenomanian  presenting  a  fair 
thickness  (about  100  feet),  and  lying  between  well-defined  limits ; 
for  its  basement  bed  rests  on  the  marly  clays  of  the  zone  of  Ammo- 
nites inflatus  (Upper  Gault),  while  above  it  is  the  hard  nodular 
ehalk  which  forms  the  zone  of  Inoceramus  laMatus  (Turonian). 

The  succession  is  well  exposed  near  Saully,  and  is  given  by  Pro- 
fessor Barrois  as  follows  : — 

Compact     greyish- white     clmlk     with     grey     flints.    Am. 

[Acanth.]  rotomagensis GO 

Grey  sandy  marl  with  some  fossilB     -        -       -        -       -    16 
Thin  layer  of  sandy  glauconitic  marl,  with  phosphatic 

nodules  (a  few  inches). 
Gault.— Black  marly  clay  with  septaria  (zone  of  A7)u  rn/fahis). 

ProfeSvSor  Barrois  did  not  find  fossils  in  the  nodule  bed  above 

the  Gault,  and  there  is  thei-efore  no  ground  for  identifying  it  with 

any  particular  zone :  it  is  simply  the  basement  bed  of  the  Chalk, 

like  that  at  Burham  in  Kent.    The  overlying  marl  contains  Peden 

asper,   Rhynchonella  grasiana,  and  MicraJxicia  coronula,  and  is 

I'eferable  to  the  lower  part  of  our  Chalk  Marl  (zone  of  Am.  rarians). 

•  La  Zone  a  Belemnites  plemis,  Ann.  Soc.  Geo!,  du  Nord,  T.  ii.  p.  147 
(1875) ;  and  Le  Terrain  ( Vetace  des  Ardennes,  Ibid.,  Tom.  v.  p.  227  (187S). 
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Professor  Barrois  does  not  mention  any  sections  in  the  Aube, 
but  the  Lower  Chalk  of  that  department  has  been  described  by 
M.  Feron,*  who  makes  the  thickness  about  150  feet  and  the  suc- 
cession as  follows : — 

3.  Dry  whitish  chalk,  with  Scapkites  ceqtudis, 
2.  Massive  chalk,  with  Holaster  nodtUosus, 

1.  Marly  chalk  in  regular  beds,  with  Am,  variansy  Am.  rotomageruis, 
A.  Mantellij  and  Turr.  costcUus. 

Passing  into  the  Mame,  we  find  from  Professor  Barrois'  account 
that  the  above  succession  is  continued  to  Vitry.  The  only  note- 
worthy change  is  that  the  highest  part  of  the  white  chalk  becomes 
somewhat  clayey,  and  contains  many  small  Grasteropods  and  Bra- 
chiopods ;  at  Mont  Moret  TurrilUes  costatus  and  T.  tvberculatus 
were  also  found  in  it.  He  estimates  the  total  thickness  at  70  to 
80  feet. 

The  Cenomanian  facies  above  described  is  maintained  by  Vavray 
and  Changy  to  Possesse  and  Charmont,  but  Cephalopoda  become 
rare.  Near  Charmont  another  change  begins  to  show  itself ;  the 
lower  grey  marl  becomes  glauconitic,  and  contains  also  scattered 
phosphatic  nodules ;  moreover,  it  passes  downwards  into  a  dark 
green  argillaceous  sand  without  f osuls.  This  greensand  is  referred 
by  Professor  Barrois  to  his  zone  of  Pecten  aspery  and  is  regarded 
as  the  continuation  of  his  *'  Sables  de  la  Hardoye  "  (to  be  mentioned 
presently),  but  Professor  de  Lapparent  speaks  of  it  as  replacing 
the  marly  chalk  with  Am.  varUms  (craie  ammonitifei*e).f  The 
total  thickness  here  appears  to  have  diminished  to  between  50  and 
GO  feet,  and  the  sand  rests  directly  on  the  G^ize  de  TArgonne,  which 
is  the  equivalent  of  our  Upper  Gault  (zone  of  Am,  rostratus). 

A  similar  succession  is  found  near  Monthois  and  Youziers  in  the 
Ardennes,  and  is  given  by  Professor  Barrois  as  follows  :— 

ft. 
White   marl,   with   HoUuier  trecensis,   Ostrea  cancUiculaiaj 

Yermicularia  umbonata,   etc.* 33    * 

White  marl  with  smaU  grains  of  glauconite  -  -  -  -  10 
Glauconitic  marl,  with  Uack  phosphate  nodules  in  the  middle  10 
Drak  green  argillaceous  sand 20. 

73 

Between  Youziers  and  Bethel  another  stratigraphical  change 
takes  place,  a  greyish-white  argillaceous  marl  coming  in  below 
the  green  Sables  de  la  Hardoye,  This  is  called  the  A/am^(/€(7itT(>H 
by  Professor  Barrois,  and  is  referred  by  him  to  the  zone  of  Pecten. 
agper,  while  M.M.  Peron  and  de  Lapparent  consider  it  as  an  expuu- 
aion  of  the  upper  part  of  the  Gaize.  It  rapidly  thickens  north  waixl 
till  near  Givron  itself  it  is  about  100  feet  thick,  the  depot^it  being 
thickest  where  the  Gaize  is  thinnest.  The  fauna  of  this  marl  will 
be  discussed  in  the  sequel. 


*   Notes  pour  I'histoire  du  Terrain  de  Craie  (1887),  p.  53. 
t  Traite  de  Geologic,  fourth  edition  (1900). 
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The  Miirue  do  Givron  forms  the  hills  between  Ch.auin()nt 
Porcien,  llocquigny,  13i-aize,  and  St.  Jean  du  Bois.  It  passes  up 
into  the  Sables  de  la  Hardoye  without  any  break,  the  marl  becoming 
sandy,  and  this  changing  to  a  sand  composed  of  quartz  grains  and 
large  gmins  of  dark  green  glauconite.  Tlie  marl  contains  a  fair 
number  of  fossils,  but  the  sands  very  few  ;  neither  the  one  nor  the 
other  contiiins  phosphatic  nodules.  The  overlying  bed  of  glau- 
conitic  marl  does  contain  such  nodules,  black,  and  apparently 
derived,  and  this  bed  Prof.  Barrois  regards  as  the  equivalent  of  the 
zone  of  Ammonites  latidavius. 

In  the  north  of  the  Ardennes  the  "  marne  de  Givron  "  becopies 
very  thin,  and  in  the  Aisne  it  thins  out  entirely,  allowing  the  "  sables 
de  la  Hardoye ''  to  rest  directly  on  the  Gaize  de  Marlemont.  All 
the  beds  l)ecome  thinner,  and  green  grains  appear  even  in  the  white 
marls  (zone  of  Bd,  plenus).  In  the  north  of  the  Aisne  the  succession 
is  as  follows  :  — 

ft. 
White  marls  with  green  grains,  Bel,  plenuB  -  about  12 
Glaiiconitic  marl  with  phosphate  nodules  -       -       -    20 

Bright  green  glauconitic  sand. 

32 

Department  du  Nord.— The  succession  described  as  occurring 
in  the  north  of  Aisne  (Hirson  and  Mondrepuits)  appears  to  be  con- 
tinued in  the  Department  du  Nord,  but  on  crossing  the  boundary 
between  these  Departments  we  enter  the  country  where  the  Ceno- 
manian  rests  on  the  Paheozoic  rocks,  and  where  all  such  .dejx)8its 
are  locally  known  as  Tourtia.  Professor  BarroLs  Wieves  that  the 
"  glauconie  de  la  Hardoye  "  runs  on  through  the  arondissement 
of  Avesnes,  but  he  prefei*s  to  c^ill  it  here  the  "  Greensand  of  Avesnes." 

One  of  the  most  celebrated  localities  for  Tourtia  is  that  of  Sas- 
segnies,  alx)ut  seven  miles  north-west  of  Avesnes,  and  here  the 
Cenomanian  biisement  bed  is  a  yellowish  sandy  marl  with  limonite 
and  pebbles  and  many  fossils,  its  thickness  being  about  3  feet 
Above  it  is  a  marly  glauconitic  sand  with  fewer  fossils,  but  con- 
taining Pecten  asper,  Exogyra  coniea,  Ostred  phyllidiana,  and  0. 
vesicidosa,  all  of  which  occur  in  the  bed  l>elow\ 

Professor  Barrois  is  inclined  to  regard  the  lower  bed  as  a  repre- 
sentative of  the  marne  de  Givron,  and  the  higher  as  the  greensand 
of  Avesnes,  but  he  exprassly  says  that  he  has  some  hesitation  in 
suggesting  such  a  correlation.  We  w^ould  remark  that  the  marne 
de  Givi'on,  having  once  thinned  out  against  the  Palaeozoic  shore, 
is  not  likely  to  set  in  again  on  the  south  side  of  the  axis  of  ArtoLs  ; 
hence  w^e  think  tliat  the  two  beds  at  Sassegnies  are  merely  Uttoral 
representatives  of  the  central  part  of  the  Cenomanien.  The 
fauna  they  contain  is  of  a  generalised  shallow  water  Cenomanian 
type  like  that  of  the  Grte  du  Maine  in  the  west  of  France,  and 
includes  the  following  species, 
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Ammonites  boclimnensifl 
,,  Mantelli 

Nautilus  subradiatus 

Pleurotomaria  perspectiva 

Cyprina  ligeriensis 
„       quadrata 

Pecten  asper 
„        orbicularis 

Lima  simplex 

Spondylus  striatus 


Exogyra  couica 

„  haliotoidea 

Ostrea  canaliculata 

„       frons 

„        phyllidiana 

„        vesicidosa 
Bhynchonella  compreasa 

,,  grasiana 

Cidaris  vesiculosa 
Ditrupa  difformis 


A  little  further  north  is  BoussifereB,  where  similar  beds  occur, 
and  are  overlain  by  marl  containing  Bel,  plemis.  The  section  in 
one  quarry  at  this  place  is  as  follows  :  — 

ft.  in. 
5.  White  sandy  marl  with  glauconite  grainR    -        -        -    13    0 

4.  Bluish-grey  marl 6    6 

3.  Qlauconitic  marl  with  Bel,  plenus  and  many  sharks* 

teeth 10 

2.  Bright  green  marl  with  many  fossils  at  the  base  (see  list 

below)  -  7    3 

1.  Thin  layer  of  marl  with  grains  of  limonite  and  glauco- 
nite, resting  on 0    3 

Devonian  limestone. 

28    0 

The  thin  layer  at  the  base  is  analogous  to  that  in  the  same  posi- 
tion at  Sassegnies,  but  as  there  is  no  sand  above,  Professor  Barrois 
considers  the  "glauconie  d'Avesnes"  to  be  absent,  and  regards 
No.  2  as  the  zone  of  Ammonites  latid<ivius,  No.  3  being  that  of 
Bd.  plena.  But  Am,  latidavivs  does  not  occur,  and  we  do  not 
think  that  satisfactory  results  will  ever  come  from  the  endeavour 
to  find  the  zones  of  Wissant  in  the  thin  and  variable  set  of  Tourtiaa. 

The  Tourtia  must  be  regarded  from  a  more  general  point  of 
view.  That  many  of  its  fossils  are  species  which  only  occur  at  the 
base  of  the  Cenomanian  in  the  deeper  parts  of  the  Anglo-Parisian 
basin  is  only  what  might  Ije  expected,  for  such  species  would  migrate 
she  rewards  as  the  wat«r  l)eo4ime  too  deep  for  them.  Hence  we  can 
see  no  reason  why  Nos.  1  and  2  of  the  above  section  should  not  be 
regarded  as  a  littoral  representative  of  some  higher  j>art  of  the 
Tjower  Chalk. 

The  accompanying  diagi*am  (Fig.  53)  will  assist  the  reader  to 
comprehend  the  lithological  changes  which  have  Ix^n  de8cril)ed 
in  the  preceding  pages. 
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Critical  Remarks.— It  will  be  seen  from  the  preceding  account 
an«  I  from  that  previously  given  of  the  GaultandGaize  in  Volume  I. 
that  the  Albian  and  Cenomanian  in  the  north-east  of  France  form 
a  \ery  complex  series  of  beds,  and  that  it  is  difficult  to  assign  the 
several  membera  of  the  series  to  their  correct  zonal  horizon. 

The  general  correlation  propased  by  Professor  Barrois  in  1878 
for  the  Departments  of  Aisne  and  Aixlemies  was  as  follows  :  -- 

Zone  of  Bel.  plenus.— White  i^ad  grey  marls. 
„    „  Hoi.  subgloboaus.— ^Wanting 
„    „  Am.  laticlavius. — Glauconitic  marls. 

p^^fz...  ooww.*  (Sables  de  la  Hardoye, 
„     ».  Pecteua*per.|^^^^^^^Q.^^^^ 

We  must  remember  that  by  the  zone  of  Belemnit.es  plenus  he 
means  an  equivalent  of  some  GO  feet  of  chalk  at  Wissant  and  Dover, 
and  not  merely  the  band  of  marl  to  which  we  apply  the  name  in 
England.  His  zone  oi  Holasfer  subgl(iiH)»us  includes  the  Wissant 
zones  of  Am.  rotomagetisiS'  and  lim.  variant  (IIG  feet  thick) ;  in 
1878  he  considered  this  to  be  absent,  but  we  have  reason  to  think 
he  would  not  maintain  this  view  now.  We  strongly  dissent  from 
it  both  on  the  ground  that  there  is  no  sign  of  a  break  of  any  kind 
but  a  complete  passage  from  glauconitic  marl  to  the  whitish  marl, 
and  because  we  doubt  the  reference  of  the  former  to  the  zone  of 
Am.  latidavius. 

By  the  zone  of  Am.  latidavius  Professor  Barrois  means  what 
we  have  called  the  subzone  of  Stauronema  Garteri,  the  true  Chloritic 
Marl  of  Folkestone  and  the  Isle  of  Wight.  Now  it  does  not  appear 
that  he  found  a  single  sjjecimen  of  Ammonites  laticlavivs  at 
any  locality  in  the  departments  of  the  Ardennei^,  Aisne,  and  Nord, 
and  that  fossil  is  not  in  England  confined  to  the  Stauronemu 
zone.  Further,  he  only  mentions  two  specimens  of  Stauro- 
nemay  and  these  are  preserved  in  black  phosphate  and  may 
have  been  derived.  We  do  not  think  this  evidence  is  sufficient. 
No  doubt  Professor  Riri'ois  was  also  influenced  by  the  presence 
of  phosphatic  nodules  and  by  the  occurrence  of  Peden  asper,  but 
neither  of  these  facts  can  be  allowed  to  have  much  weight.  This 
has  practicixUy  been  admitted  by  Professor  Barrois  himself,  wht> 
notas  the  occurrence  of  P.  a.Hjx^r  at  Bois  des  Haies  in  the  Aixlennes 
many  feet  above  the  bed  which  he  regards  as  the  zone  of  Am.  lati- 
davius, and  he  appends  this  note:— "This  is  not  the  first  time 
that  Pecteii  asper  has  been  reox)rded  from  alx)ve  the  greensand 
with  P.  asfyer.  M.  Ileliort  lias  recorded  it.  from  Vitrv-le-Francais, 
and  I  have  iTcognised  it  at  Saully  (Yonn^)  in  the  zone  of  Holaster 

Suhffli)l)OSUS.'* 

The  opinion  of  Mr.  W.  Hill  and  myself  was  expressed  in  180G,* 
when  we  showed  that  the  lx>ds  containing  P.  asper  at  Cap  la  Heve 
represented  the  lower  part  of  our  Lower  Chalk,  i.e.,  of  what  Professor 
Barrois  calls  the  ^ne  of  HoUister  sybglobosus. 


*  Delimitation  of  the  Cenomanian,  Quart.  Jqurn.  Geol.  See.,  Vol.  Hi. 
p.  170,  and  Ann.  Soc.  Gool.  Nord.,  Tom.  xiiv.  p.  227. 
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We  think  it  is  just  the  same  in  the  eastern  part  of  France,  and 
that  the  glauconitic  marl  which  he  refers  to  the  zone  of  Am,  lati- 
clavius  is  merely  a  pjirt  of  Prof.  BaiTois'  zone  of  Hoi.  sulxjlobosus. 
AVithout  personal  examination  of  the  sections  we  are  not  prejmred 
to  say  what  part. 

We  come  next  to  the  Sables  de  la  Hardoye,  and  here,  again,  we 
are  met  by  a  want  of  evidence.  Professor  Barrois  only  collected 
nine  species  of  fossils  in  these  sands  in  the  whole  of  its  range,  and 
none  of  these  are  characteristic  or  critical  8ix?cies  ;  not  one  of  them 
is  a  Ceplialopod.  It  is  true  that  three  of  them  do  not  in  England 
range  above  the  Upi^er  Greensand ;  these  are  Vermicularia  con- 
cava,  Verm,  polygoiuilis,  and  an  Ex^^gyra  like  E.  digitafa.  But 
these  are  forms  which  would  be  very  Hkely  to  survive  in  places 
where  the  local  conditions  were  suitable,  after  their  extinction  in 
the  areas  of  deeper  water. 

It  has  been  mentioned  that  l^rofessor  de  Lapparent  considers 
that  the  greensand  of  Ste.  Menehould  replaces  a  part  of  the  Chalk 
Marl  of  Vitry,  and  as  this  greensand  is  Ijelieved  by  Prof.  Barrois 
to  be  the  continuation  of  his  Sables  de  la  Hardoye,  we  see  no  reason 
why  the  whole  of  this  sand,  as  well  as  the  Sable  d'Avesnes,  should 
not  be  regarded  as  representing  a  portion  of  the  zone  of  Am.  varians. 

Finally,  we  come  to  the  Marne  de  GivTon,  which  is  in  some  respects 
the  most  puzzling  deposit  of  all.  According  to  Prof.  Barrois  it  forms 
the  lower  part  of  his  Pecten  asper  zone,  and  might  Ije  compared 
with  the  Chert  Beds  of  Wiltshire,  while  for  IVofessor  de  Lapparent 
it  replaces  the  upper  part  of  the  Gaize.  So  far  as  the  stratigraphical 
evidence  is  concerned,  one  or  other  of  these  views  would  certainlv 
seem  the  most  natural  interpretation  of  the  facts,  but  when  we 
examine  tlie  fauna  of  the  Marne  de  Givron,  we  shall  see  it  cannot 
belong  to  the  zone  of  Ammonites  rostrafvs.  The  characteristic 
fossils  of  that  zone  are  absent,  and  the  Ammonites  which  do  occur 
are  falcatus,  tytriavs,  and  Coupei,  all  characteristic  of  the  true 
Cenonianiiin.  If  the  fauna  were  considered  ai>art  from  any  strati- 
graphical  bijus,  it  would  undoubtedly  suggest  correlation  with  the 
zone  of  Ammonites  txz7-ia7is— i.e.,  w^ith  the  Chalk  Marl  of  England, 
and  with  the  oraie  glauconieuse  of  Ha^Te  and  Rouen.  I  admit, 
however,  that  it  can  also  be  compared  with  that  of  the  Rye 
Hill  sand,  (or  subzone  of  Catopygus  columbarius),  and  conse- 
quently Professor  Barrois  may  be  right  in  placing  it  below  the 
horizon  of  Am.  latidavius. 

The  following  is  a  list  of  the  fossils  recorded  by  Dr.  Barrois  from 
the  three  horizons  which  he  denominates  (1)  Marne  de  Givron, 
(2)  Sables  de  la  Hardoye,  and  (3)  zone  a  V Ammonites  latidavius ; 
in  the  Departments  of  Aisne,  Ardennes,  and  Marne  :  — 
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Ptychodus   polygyrus,   Ay,      - 
Belemnites   ultimus,   d'Orb. 
Nautilus  subradiatus,  d'Orb,    - 
Ammonites  falcatus,  ManU 
„  varians,    Sow, 

„  Coupei,  Brongn, 

TurriUtes  Bergeri  (var.  in  Sharpe)  - 

„       tuberculatus,  Bosc. 
Aporrhais  varicosa,    d'Orb.     - 
Pieurotomaria  Querangeri,  d'Orb.  *- 
„  Dumonti,  d'Arch.    - 

„  perspectiva,  Mant.   - 

Turbo  Mulleti,  d'Arch,     -       -        -        - 
„     rotomagensis,  d'Orb, 

Area  carinata,  Sow. 

„    mailleaoa,  d'Orb,     -        -        .        - 
„    passyaoa,   d'Orb.      .        -        -        - 

Astarte    sp. 

Cardita    sp. 

Cyprina  quadrata,  dVrk  -        -        -        - 

„      ligeriensis,  d'Orb, 
Exogyra  conica,   Sow.      -        -        -        - 
„       digitata,   Sow.      -        -        -        - 
„       haliotoidea,    Sow. 
Inoceramus  orbicularis  (  =  latu8  d'Orb.) 
„  virgatus,  Schliiter  ( = striatus, 

Sow.) 

Isoarca  obesa  1  d'Orb.       -        -        .        . 
Lima  semiornata,  d'Orb.   -        -        -        - 

,»     sp- 

Ostrea  carinata,  Sow.  (^frons.  Park.) 

„      lateralis,  Nihs  ( = caualiculata,  Sow. 
„      Lesueuri,  d'Orb.     -        -        -        - 
„     phyllidiana,  Lam.  -        -        -        - 
„     ricordeana,    d'Orb. 
„     vesiculosa,  Sow,     -        -        -        - 

Pecten  asper,  Lam. 

„     elongatus,  Lam.  (in  d'Orb.)   - 

„     Qaliiennei,  d'Orb,  -       -        -        - 

„     hispidufl,  GMf,    -       -       -       - 

„     orbicularis,  Sow.    -        -        -        . 

„     rotomagensis  1  d'Orb.    - 

„     cf,  subaratus,  Nil$s. 

,.     (Neithea)  4K;o8tatus,  Sow.   - 

„         „      5-co8tatus,  Sow,  - 

Pinna  sp. 

Plicatula  inflata,  Sow.       -        .        .        . 
„        sigillina,    Woodw. 

Panopsea  Roemeri  1  d'Orb, 

Spondylus  latus,  Sow. 

„         striatus.  Sow,  -        .        .        . 

Trigonia   Constanti,   dVrb, 

„       vicaryana,  Lye,     -        -        -        . 

Venn**  fabn,  Smr. 

Kingena  lima,  Defr. 
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Rhyiichoiielhi   coiiipressa,    Ixivi. 

depressa  i  Sow. 

grasiana,    d'Orb. 

Martini,  Mant.   - 

SchicBnbachi,  Dav.     - 
Terebratula  semiglobosa,  Sow.  - 
,       squamosa,  Mant. 
„      dutempleana  (VOrb.  ( --  biplicata) 
Tcrebratulina   rigida,   Sow. 

„  striata,  Wahl.     - 

Magas  sp. 

PoUicipes  sp. 

Vermicularia  concava,  Sow.     - 

.,  polygonalis,  Phil.    - 

Discoidea  subuculus,  Klein     - 

Pseudodiadema  sp. 

Micrabacia  coronula,  Goldf.     - 
Onchotrochus  Carter i.  Dune.    - 
Polycoelia   laevigata,    Roemer  - 
Stauronema  (in  black  phosphate)    - 
Hylospongia  (in  black  phosphate)    - 
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Of  the  species  recorded  from  the  Marne  de  Givron  all  except  five 
occxir  in  the  Lower  Chalk  or  Chloritic  Marl  of  southern  England. 
The  five  exceptions  are  Aporrlmis  varwosa,  Pleurotomaria  Gueran- 
geriy  Turbo  MuLletiy  Ostrea  ricordeana,  and  Polyccelia  laevigata, 
and  the  first  four  of  these  are  all  French  Upper  Cenomanian  species 
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CHAITER    XXL 

THE     LOWER      CHALK     (OENOMANIAN)     IN     THE 

NORTH-WKST   OF   FRANCE. 

General   Remarks. 


On  the  western  side  of  the  Paris  basin  the  Cenonianian   beds, 
which  include  the  representative  of  our  Lower  Chalk  crop  out  in 
the  Departments  of  the  Seine  Inf erieure,  Eure,  Eure  et  Loir,  Oal 
vados,  Ome,  and  Sarthe. 

In  the  eastern  i>art  of  this  district  the  beds  consist  mainly  of 
chalky  marls,  more  or  less  glauconitic,  but  comi>arable  to  those 
of  the  English  Lower  Chalk,  and  these  are  well  exposed  near  Rouen 
and  Pavilly.  When  traced  toward  the  west,  however,  the  beds 
become  more  glauconitic  and  more  sandy,  the  sandiness  increasing 
toward  the  south-west  till  in  the  Sarthe  there  is  neither  marl  nor 
chalk,  but  a  series  of  sands  and  calcareous  sandstones. 

With  regard  to  thickness  the  beds  comparable  with  our  Lower 
Chalk  are  believed  to  l^e  from  150  to  160  feet  thick  in  the  eastern 
part  of  the  Seine  Inferieure,  but  thin  gradually  westward  along 
the  coast  till  thev  are  not  more  tlian  (30  or  70  feet  thick  in  Calvados. 
Toward  the  south-west,  however,  the  beds  tliicken  as  the  arena- 
ceous facies  comes  on,  and  expand  in  the  Sarthe  to  a  thickness  of 
about  300  feet. 

In  the  following  pages  we  shall  give  a  brief  account  of  the  coast 
section  near  BEavre,  and  of  the  exposures  near  Rouen,  Vimontiers 
(Orne)  and  Theligny  (Sarthe).  For  more  detailed  accounts  the 
reader  is  referred  to  a  paper  by  Mr.  Hill  and  myself  (Quart.  Journ. 
Geol.  Soc.  Vol.  lii.  p.  99),  to  papers  by  M.  Bizet  in  the  Bull.  Soc. 
Geol.  Norm.,  Vols.  viii.  and  xi.,  and  to  the  volume  by  M.  Guillier 
on  the  Geology  of  the  Sarthe  (1886). 

STRATIGRAPmCAL     DeIAILS. 

Seine  Inferieure.— The  cliffs  of  Normandy  east  of  Cap  la  Heve 
present  a  tine  section  of  the  Cenomanian,  which  here  exhibits  a 
special  facies,  jmrtly  sandy  and  siliceous  and  partly  chalky,  so  that 
it  forms  a  coimecting  link  between  the  purely  chalky  fa(*  eti  of  the 
Isle  of  Wight  and  the  aienaceous  deposits  of  the  Ome  and  Soilhe. 
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This  coast  section  near  Havre  has  been  studied  by  many  French 
geologists,  and  notably  by  Messrs.  Hebert  and  I^ennier,  but  these 
two  observers  diflfered  as  to  the  horiton  which  should  be  regarded 
as  the  base  of  the  Cenomanian,  and  until  1890  the  views  which 
prevailed  in  France  with  re«i)ect  to  the  correlation  of  the  beds  seen 
near  Havre  with  the  Gault  Greensand,  and  Ijower  Clialk  of  Eng- 
land were  both  indefinite  and  erroneous. 

To  Mr.  W.  Hill  belongs  the  credit  of  ascertaining  and  proving 
how  much  of  the  so-called  Cenomanian  of  Normandy  is  really  the 
equivalent  of  our  Lower  (^halk.  He  visited  it  and  other  French 
localities  on  several  occasions  during  1895,  and  his  observations 
were  published  in  a  joint  paper  with  myself  on  "A  Delimitation 
of  the  Cenomanian."*  Mr.  Hill  satisfied  himself  tliat  the  bed 
which  M.  Lennier  had  regarded  as  the  true  base  of  the  Cenoma- 
nian was  the  equivalent  of  the  Chloritic  Marl  or  zone  of  Stauro- 
nema  Carteri  of  the  Isle  of  AVight. 

This  bed  (So.  1  in  the  tabular  view,  Fig.  54)  is  separated  from 
the  marly  sand  below  by  a  well-marked  plane  of  division,  and  has 
at  its  l>ase  a  thin  seam  of  brownish  sand.  The  bed  itself  consists 
of  grey  marl,  full  of  large  dark  green  glauconite  grains,  and  con- 
tains many  black  phosphatic  nodules  and  many  fossils,  among 
which  Bryozoa  and  Sponges  are  abimdant.  Stauronema  Carteri 
is  common,  and  Am.  [Acanth.]  Mantelli,  Am.  [Acanth,]  navicularis 
and  Am.  [Schloenb.]  varians  make  their  first  appearance  in  this 
bed.  At  and  near  Cap  la  H^ve  there  are  indeed  two  beds  of 
similar  character  at  this  horizon  with  a  combined  thickness  of  6 
feet,  but  as  they  are  followed  eastward  to  St.  Jouin,  where  they 
come  down  to  the  beach,  they  become  condensed  into  one  bed  3^ 
feet  thick.  At  St.  Jouin  the  full  thickness  of  this  Cenomanian 
group  comes  into  the  cliff,  and  the  section  there  seen  is  repre- 
sented in  Fig.  54. 

The  beds  numbered  2  to  7  represent  the  lower  part  of  our 
Chalk  Marl,  but  differ  in  containing  much  more  siliceous  matter, 
partly  in  the  form  of  tine  quartz-sand,  partly  in  the  abundance 
of  sponge-spicules,  and  partly  as  disseminated  globular  colloid 
silica.    They  contain  also  frequent  layers  of  chert-nodules. 

The  hard  grey  bed,  which  is  nmnberkl  8  in  the  accompanying 
section  much  resembles  the  Tottemhoe  Stone  of  Norfolk  and  Suf- 
folk. It  has  clefirly  been  formed  under  similar  conditions,  but  does 
not  form  a  zonal  limit,  for  most  of  the  fossils  which  occur  below 
range  into  the  beds  above. 


(^uart.  Jouru.  GeoL  boc.,  Vol.  iii.  p.  99. 
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Fig  54.— The  Succession  at  St.  Jouin. 
Scale  16  feet  to  an  inch. 

ft.  in. 

Greyish-white  chalk,  divided  into  ouurees  by  layers  of 
cherts,  which  are  bluish-grey  inside  ...  -    30    0 


Grey  marly  chalk 

Grey  glancunitic  chalk,  often  rough  and  gritty,  with  some 
black  cherts  and  many  brown  i^uephatic  nodules  •       -    11    0 

Grey  chalk,  with  hard  calcareous  lumiw       •       •       •       -      2    0 

Greyish-white  chalk,  slightly  glauoonitic,  with  layers  of 
grey  or  black  cherts    ••-.•-••    11    0 

Yellowish-grey  chalk,  with  hard  calcareous  lumps     -       -26 

Yellowish-grey  glauconitic  clialk,  with  many  grey  cherts, 
both  scattered  and  in  layers,  and  also  hard  cak«reoiu 
masses ix    9 

Greyish- white  shelly  chalk,  with  calcareous  lumps ;  some 
grey  cherts  in  the  middle  part 7    6 

Hard  grey  chalk,  with  a  layer  of  green-coated  nodules  at 
the  top 33 

Grey  glauconitic  chalk,  with  two  layers  of  cherts;  the 
lower  very  large  -       -       -# 39 

Yellowish-white,  slightly  glauconitic  chalk,  with  courses 
of  cherts  at  Intervals 13    0 

Bloish-grey  marly  chalk 10 

Buff-ooloured    chalk,  streaked    with    bluish-grey,   with 

courses  of  cherts  at  Interrals 10    o 

Bluish-grey,  marly,  glauconitic  chalk,  with  hard  calcareous 
lumps 86 

Buff -coloured  clialk,  with  four  courses  of  black  cherts       -      5    0 

Soft  grey  glauconitic  sandy  marl,  with  many  black  phus- 

pbatic  nodules 3 

Grey  sandy  glauconitic  marl  (Gai2e). 

I'M    9 


Lower  chalk — north-west  of  France. 
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Another  remarkable  bed  is  that  numbered  14,  characterised 
by  the  presence  of  brown  phosphatic  nodules.  This  is  rich  in  fossils, 
and  especially  in  Cephalopoda,  all  the  species  so  common  in  our 
Chalk  Marl  occurring  here,  though  often  as  casts  and  fragments. 
The  following  is  a  list  of  the  species  found  by  Mr.  Hill  in  this  bed  :  — 


Nautilus,  ap. 
Hamites  simplex  ] 
Scaphites  aequalis. 
Ammonites  [Hoi)litcs" 
[Acantb. 


>> 


)) 


»j 


falcatus. 
Maiitclli. 


Schloenb.]  Coupei. 
]  varians 


Turrilites  costatus. 

„        tuberculatus. 
Aporrhais  sp. 
AveLlana  cassis. 
Exogyra  couicii. 
Ostrea  canaliculata 
Pecten  asper. 


» 


j> 


Pecten  elongatus. 
puzosianus. 

(Neithea)  sequicostatus. 
„  „    5-costatus. 

Tcrebratella  Menardi. 
Khynchonella  dimidiata. 
„  convexa. 

„  grasiana. 

Caratomus  rostratus. 
Cidaris  vesiculosa. 
Glyphocyphus  radiatus. 
Holaster  subglobosus. 
Discoidea  subuculus. 
Pseudodiadema  ornatum. 


Holaster  subglobosus  sets  in  with  the  Anmionites  at  the  base  of 
the  formation,  but  is  not  common  till  Bed  12  is  reached,  and  con 
tinues  common  up  to  Bed  15.  The  greyish- white  chalk  above 
this  resembles  beds  of  a  similar  colour  in  our  Lower  Chalk  except 
for  the  frequent  layers  of  cherty  flints.  Fossils,  however,  are  scarce 
in  it.  In  this  section  there  does  not  seem  to  be  any  representative 
of  the  marl  with  Actinocamdx  plenvs ;  for  this  whitish  chalk  is 
succeeded  directly  by  nodular  chalk  with  Inoceramus  mytUoides, 

I  have  little  doubt  that  the  bed  ^vith  brown  phosphatic  nodules 
(No.  14)  corresponds  with  the  well-known  fossiliferous  horizon 
of  Mont  Ste.  Catherine,  near  Rouen,  for  this -horizon  is  near  the 
top  of  the  Cenomanian.  The  following  particulans  of  this  section 
are  given  by  Messrs.  Lennier  and  Bucaille,*  their  measure- 
ments in  metres  being  given  approximately  in  feet  :  — 

ft.  in. 

Nodular  chalk  (=the  Mel  bourn  Rock),  see  p.  496  -        -    6     6 

Grey  or  greenish  marly  chalk,  weathering  into  laminae ; 
this  is  the  horizon  of  Actinocamax  plenus       .        .        . 

Layer  of  nodules  formed  of  hard  greyish  chalk,  greenish 
on  the  outside 

Sandy  micaceous  chalk  with  some  glauconite,  becoming 
ueariy  white  when  dry,  Holaster  subglobosus^  Am.  navi" 
cularis 4 

Soft  grey  glauconitic  chalk  with  many  small  brown  nodules    0 

Fossiliferous  bed,  formed  of  glauconitic  chalk,  hard  stone, 
and  yellowish  sand,  with  many  Ccphalopods  and  other 
fossils,  Am.  rotamagensisy  Scaphites  (jequalis,  etc.    - 

Yellowish-grey  glauconitic  chalk,  with  many  small  con- 
cretions of  sandy  limestone,  Inoc.  striatus  (very  common) 
and  Discoidea  subuculus  -        -  -        -        -        -    6     6 


0     8 


1     4 


0 
8 


1     4 
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ft.    in. 

Layer  of  brown  chert,  continuous 0     1 

Yellowish-grey  clialk,  slightly  glaiiconitic,  with  many 
layers  and  concretions  of  brown  or  black  chert,  seen  for  a 
depth  of  about 40    0      ' 

About  60     0 

Tlie  total  thickness  at  Roueii  is  believed  to  be  more  than  IGO  feet. 
The  layer  of  green-coated  nodules  near  the  top  may  indicate  tlie 
erosion  and  removal  of  a  certain  thickness  of  the  chalk  which  is 
shown  in  the  cliff  at  St.  Jouin. 

Orne  and  Sarthe,— Passing  now  to  the  departments  of  the  Cal- 
vados and  Orne,  there  are  sections  near  Blangy,  Lisieux,  and  Orbi- 
quet  which  expose  the  lower  part  of  Cenomanian  series,  cor- 
responding with  Beds  1  to  12  of  the  section  at  St.  Jouin.  The 
beds  seen  at  these  localities  consist  of  yellowish-grey  or  buff-coloured 
chalk,  more  or  less  glauconitic,  with  grey  cherts  and  often  hard 
lumps  of  silicified  rock.  Mr.  Hill  found  by  examination  of  samples 
under  the  microecx)pe  tliat  the  material  is  really  a  siliceous  chalk, 
sometimes  containing  50  per  cent,  of  colloid  silica  with  a  ceiiain 
amount  of  fine  quartz-sand. 

There  are  good  sections  of  the  whole  formation  at  Vimoutiers  in 
the  Orne,  and  in  this  district  it  has  been  divided  by  local  geologists 
into  two  zones,  that  of  Am,[Acanth,]  rotomagenis  for  the  upper  part-, 
and  that  of  Am.  MarUdli  below.  From  some  fresh  observations 
recently  communicated  to  me  by  M.  Lecoeur,  of  Vimoutiers,  and 
combining  the  sections  seen  in  several  quarries,  the  complete  suc- 
cession seems  to  be  as  follo^^•8,  the  thickness  being  greater  than  he 
formerly  supposed :  — 

Feet. 
Alternating  l^eds  of  soft  grey  glauconitic  marl  and 
hard  yellowish  crystalline  siliceous  limestone,  with  a 
bed  of  the  latter  at  the  base.    Fossils  are  numerous, 
and  many  are  in  light  brown  pliosphatc   -        -        -    30 
Fine  glauconitic  sandy  chalk,  with  courses  of  rough 

siliceous  limestone  and  occasional  lumps  of  chert  -    GO 
Bed  of  grey  glauconitic  sand  with  many   fossils, 
^    incUuhng  teeth  and  vertebra;  of  fish     -        -        -       Ij 
Greyish  marly  glauconitic  sand,  with  some  rough  and 
harder    beds,  many  cherts   occur,  both    scattered 

and  in  layers  - 28 

Buff -coloured  glauconitic  and  siiiidy  chalk,  consisting 
largely  of  hard  irregular  siliceous  lumps  with  soft 
silty  chalk  between  ;  also  two  layers  of  large  cherts 
and   some   scattered   cherts 22 


•      80 

o  a  ^ 


•«>* 


o  ^ 


.A  course  of  large  detached  masses  of  sandy  giauco- 

V    nitic    limestone *--        i 

Qreenish    sandy  marl,  passing  down  into  dark  green 
glauconitic    sand -        -    10 

About     U2 
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Followed  by  Gace  to  Mortagne  the  lower  i>art  of  the  Cenomauian 
beoomes  still  le^s  chalky,  and  pasnes  into  a  yellowish,  sandy,  mica- 
ceous, and  glauconitic  material  which  resembles  the  Gaize  de  TAi'- 
gonne  more  than  any  kind  of  chalk.  I^ayei's  and  scattered  masses 
of  chert  continue  to  occur  in  it  at  Gace,  but  near  Mortagne  and 
Belleme  they  are  fewer,  and  seem  to  ]ye  replaced  by  lieds  of  siliceous 
limestone. 

The  upper  zone,  or  "  craie  de  Rouen,"  consists  of  a  greyish-white 
siUceous  marl  or  "  tutfeau,"  rather  soft  in  the  quarry,  but  having 
the  property  of  hardening  in  the  air,  so  that  it  is  quarried  and  used 
as  a  building  stone.  The  highest  part  of  this  zone  consists  of  beds 
of  silty  chalk,  alternating  with  layei*s  of  greyish  marl,  more  or  less 
glauconitic,  and  containing  Scaphites  (eqxudis  and  Baculite^  hacu- 
loides  like  those  at  a  similar  horizon  at  Rouen. 

These  marls  are  succeeded  by  the  "sables  de  Perche,"  soft  yel- 
lowish sands  contjiiniug  Amrrumites  [Acantliocerds]  mimcxdnris, 
Ostrea  carinata,  and  0,  colnmlHi. 

Still  fui'ther  south,  in  the  department  of  the  Sarthe,  another 
mass  of  sands  is  developed  in  the  centre  of  the  formation  between 
the  zone  of  Am.  Manidli  and  the  marls  with  Scaphites  ccgvalis, 
so  that  the  succession  established  by  M.  Bizet  in  the  communes  of 
Theligny  and  Tjaunay  is  as  follows  :— 

Feet. 

Sables  de  Perche  a  Am.  navicular  is 4-20 

Craie  a  Scaphites  cpqualis,  Turr,  costatus,  vie.     -  -      GO 

Sables  ot  gr^s  a  Pema  lanceolaia 130 

Craie  glauconicuse  a  Am.  MnnieUi 80 

Glauconie  a   Ostrea  vesiculosa 25 


More  than  315 

Near  Le  Mans  the  whole  formation  has  become  arenaceous,  con- 
sisting of  sands  with  l)ed3  and  masses  of  calcareous  and  ferruginous 
sandstone. 

The  following  is  a  list  of  the  fossils  which  have  l)een  found  in 
the  several  portions  of  the  Cenonianian  series  near  Vimoutiers. 
It  has  been  compiled  partly  from  the  si)eiimens  obtained  by  Mr. 
Hill  in  1895,  and  ixirtly  from  information  and  specimens  which 
M.  LecoBur  has  l)een  kind  enough  to  send  me.  The  list  of  fossils 
obtained  by  him  from  the  sand  below  the  zone  of  Am.  Mantdli 
lias  been  given  previously  in  Volume  I.  of  this  Memoir,  but  aa  so 
many  of  them  range  up  into  the  beds  above,  it  is  repeated  here  for 
comparison.  The  last  column  shows  those  which  are  known  to 
occur  in  the  English  Lower  Chalk:  — 
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Zone  of 

TniTiUtee 

Bergeri. 

Zone  of 

Ammonites 

Mantelli. 

English 
!    Lower  Chalk. 
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pfialopoda. 

1 

Ainmomtes  [HopUtes 

falcatus,  Mant.  - 

- 

1          1 

— 

X 

0 

)) 

Acanth. 

cenomanensis,  d'Arch. 

1          ' 

— 

X 

c 

)) 

■             1 

Mantelli,    Sow.    - 

- 

- 

— 

X 

~ 

e 

»> 

r                                J 

navicularis,     Mant. 

- 

-    ^  1 

X 

e 

»» 

rotomagensis,    Brongn. 

—    1 

— 

X 

e 

» 

Schloenl 

5.1  Coupei,  Brongn. 

- 

— 

— 

X 

e 

f) 

„       1  varians,  Soiv.  - 

- 

-    ■? 

— 

— 

e 

Baculites    haculoides,    ManU 

- 

— 

_ 

X 

c 

Hamites    simplex,    d'Orh,    -        -       - 

«■ 

- 

— 

— 

X 

e 

„      ornatus    ?          -        -       .        - 

- 

- 

X 

— 

— 

Scaphites   seqiialw,   Sow. 

- 

- 

— 

~ 

X 

e 
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- 

- 

X 

— 

— 

„        costatus.     Lam. 

- 

- 

X 

X 

e 
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- 

X      j 

X 

e 

Beleuinites  sp. 

- 
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X      1 

— 

— 

— 
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- 

- 

— 

X 

t 

c 

„      fleuriausianus,  d'Orb. 

- 

- 

— 

— 

X 

c 

Gasteropoda. 

i 

Avellana  cassis,  d'Orb.   -       -       -       - 

- 

- 

-     1 

— 

X 

c 

Columbellina  sp. 

^ 

—      1 
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X     1 

1 

e 

Fusus  Rspaillaci  1  d'Orb. 

- 

- 

— 

— 

X     1 

— 
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- 

- 
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— 

__      1 

c 
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- 

- 

—      1 

X     ; 

X 

— 

Lamellibraiich  iata. 

1 

1 

1 

1 

1 

Ostrea  canaliculata,  Sow.  ( =  lat^jralis)    - 

- 

- 

X      1 

X 

X       1 

0 

„     carinata,  Sow.  (=fn)n8)     - 

- 

X 

-     ' 

X 

e 

„      hippopodiurn,   d'Orh.  - 

- 

-  ■     — 

X       1 

~      1 

e 

„     vesicularis,   Jjam.       -       -        - 

- 

X 

X 

— 

0 

„     vesiculosti,    Sow.  (var.  Hayloi)  - 

- 

1 

-  j     "" 

X 

X 

(» 

Exo<?yra  columlm.     Lam. 

• 

X 

— 

— 

„       conica,  Sow.      .        .        -        - 

- 

— 

X 

1 

K 

„       lialiotoidca.  Sow. 

- 

1       _ 

X 

—       1 

n 

IVcten  asper,  Lam.         .                 -        - 

- 

X 

X 

1 

e 

Espaillaci,  dOrh. 

- 

— 

X 

— 

-- 

„      Galliennci,  d'Orb. 

- 

-          X 

. 

— 

d 

„      hispidus,  Goldf.  -        -        -        - 

- 

-    1 

^   1 

— 

(I 

„     orbicularis,    Sow. 

- 

1 

X 

1 

(' 

„     puzosianus,  d'Orb. 

- 

.  1    ...    ' 

X 

— 

d 

„     (Neithea)  sequicostatus,  d'Orb.   - 

- 

.  1    -.    ' 

1 

X 

X 

V 

„           „      quinquecostatus,  Sow.   - 

- 

1 

X 

I 

V 

„          „      coiiieta,  d'Orb. 

.  1 

1 

X 

— 

e 

Lima   Reiclienbachi,  Geinit  ■ 

-        ;             - 

\ 

1 

d 

„    sarthensis,  Guer.     -        -        -        - 

-        1            —             . 

X 

1 

— 

„    simplex,    d'Orb.    -        -        -        - 

1 

X 

— 

I 

„    semiornata,    d'Orb. 

- 

X 

i 

e 

„    intermedia  fl  Orh. 

1 

X       1 

1 

— 

Inoceramus  striatus,  Sow. 

1 

X 

X 

V 

„          latiLs,  d'Orh  non  Mant.     - 

1 

X      1 

I 

(' 

Modiola  ligericnsis,  d'Orb.     - 

-        1             - 

1 

^      ! 

1 

d 

„      inornata,  (TOrh. 

- 

\ 

- 

-- 

Pinna   Qalliennci,   d'Orh. 

.» 

- 

X 

— 

-- 

Plicatula  sip;illina,  ]Voodw.    - 

* 

- 

X 

— 

(' 

BJyoconcha  cretacoa,  dVrb.    -       -       - 
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- 

'  ""             1 

X 

e 
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A  perusal  of  the  al)<)ve  list  will  show  that  ahiiost  all  the  fossils 
which  occur  in  the  (,^'enoiuaniau  zones  of  Avi.  Maivtdli  and  Am, 
rotomagensis  at  Vimoutiei's,  occur  also  in  our  Ijower  Chalk  or  in  the 
more  arenaceous  deposits  of  Devonshire,  which  are  believed  to 
represent  the  Chalk  Marl.  A  personal  examination  of  most  of  the' 
species  above  quoted  has  resulted  in  some  alterations  and  correc- 
tions of  the  lists  formerly  given,  and  I  have  no  doubt  that  a  more 
thorough  comparison  of  French  Cenomanian  species  with  English 
fossils  would  result  in  the  identification  of  many  other  fossils  which 
now  bear  different  names. 

There  are,  as  might  be  expected,  a  few  species  which  seem  to 
be  restricted  to  western  France,  such  as  Hemiaster  b\ifo,  Rhyn- 
choiiella  lamarddana,  Trigonia  cremdatu,  Pinna  Galliewnei,  and 
Ftisus  EspaUlaci.  There  are  also  some  species  which  might  have 
been  expected  to  occur  but  have  not  yet  been  recorded  from  the 
Orne  or  Sarthe,  such  as  Galerites  castaneay  Holaster  svbgUh 
boinia,  Terebratula  semiglobosa,  Echinocyphv^  difjicUis,  Rhyndm- 
ndla  wantdliana,  and  Plicatvla  inflata.  But  it  will  be  seen  that 
the  Cephalopods  are  entirely  those  of  our  Lower  Chalk. 

Remarks  on  the  Correlation  of  the  Cenom/inian  and  the  Lower  Chalk. 

In  the  preceding  pages  we  have  given  a  brief  account  of  the  beds 
which  are  regarded  by  Mr.  Hill  and  myself  as  the  equivalents  of 
the  Lower  Chalk  of  England,  but  it  should  be  stated  that  this  view- 
when  published  in  189()  was  in  opposition  to  that  held  by  French 
geologists.  They  had  always  supposed  that  a  large  pirt  of  their 
Cenomanian  Wius  represented  in  England  by  our  Upper  Green- 
sand,  and  as  regards  the  Cenomanian  of  Havre  in  |mrticular  it 
was  generally  supposed  that  the  lower  beds  in  which  Pecfen 
asper  is  common  were  equivalent  to  those  which  Professor  Rirrois 
had  grouped  as  the  zone  of  Pecfen  aspi^—i.e.,  the  Chert  Beds  of 
Warminster,  Dorset,  Devon,  and  the  Isle  of  Wight. 

This  supi^osition,  howe\'er,  was  not  l)ased  on  any  detailed  com- 
jmrlson  of  the  two  sets  of  beds,  but  seems  merely  to  ha^•e  arisen 
from  the  existence  of  certain  j><)int«  of  similarity  between  the  Ceno 
manian  of  Normandy  and  the  upi)er  pirt  of  the  English  Green- 
s^nd,  such  as  would  naturally  strike  anyone  who  knew  the  English 
Chalk  and  Greensand  only  from  published  descriptions.  These 
points  are— 

1.  The  glauconite  character  of  the  beds. 

2.  The  occurrence  of  frec^uent  layers  of  cherty  concretions. 

3.  The  presence  of  Pecten  asiier  and  other  fossils  common  in  the 
Warminster  Greensjind. 

The  following  remarks  on  these  points  are  taken  from  our 
joint  paper  previously  referred  to  :  — 

**  (1)  It  is  a  mistake  to  suppose  that  the  material  of  the  '  craie 
glauconiouse '  [of  Havre]  resembles  that  of  our  Greensand,    T}ie 
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very  use  of  the  word  '  craie '  indicates  the  diflference,  and  is'  quite 
correct  in  the  department  of  the  Seine  Inf^rieure,  where  the  matrix 
does  consist  of  fine  chalky  matter.  ...  If  we  examine  the 
Chalk  Marl  of  the  Isle  of  Wight  imder  the  microscope  we  find  that 
it  actually  is  a  craie  glauconieuse  ;  it  consists  essentially  of  minute 
grains  of  quartz  and  glauconite  and  of  shell  fragments  embedded  in  a 
fine  chalky  matrix.  The  material  of  the  corresponding  part  of 
the  Cenomanian  at  Havre  has  less  of  the  chalky  matrix  and  more 
of  the  inorganic  constituents,  quartz  and  glauconite  '*  [but  is  other- 
wise similar]. 

"  (2)  The  occurrence  of  layers  and  lumps  of  true  chert  does  un- 
doubtedly create  a  superficial  resemblance  between  the  two  seta 
of  strata  ;  but  the  researches  of  Dr.  Hinde  have  so  completely  proved 
the  connection  between  the  formation  of  cherts  and  the  existence 
of  siUceous  sponges,  that  the  occurrence  of  cherts  can  only  be  taken 
as  evidence  of  the  conditions  being  locally  favourable  to  the  growth 
of  such  sponges.** 

It  should  have  been  added  that  siliceous  concretions  of  a  char- 
acter intermediate  between  cherts  and  fiints  occur  in  the  Lower 
Chalk  of  England  (Wiltshire  and  Dorset),  and  that  whether  a  sili- 
ceous concretion  develops  into  a  chert  or  a  flint  seems  to  depend 
very  largely  on  the  texture  of  the  deposit  in  which  it  is  formed ; 
those  occurring  in  deposits  which  are  suflficiently  coarse  or  sandy 
in  texture  tending  to  become  nodules  of  clear  chalcedonic  chert, 
while  those  in  a  material  of  such  fine  texture  as  ordinary  chalk 
are  always  flints. 

"(3)  The  presence  of  Pecten  asper  and  other  fossils,  which  in 
England  are  chiefly  found  in  the  Upper  Greensand,  is  the  sole  argu- 
ment which  requires  serious  consideration.  T^t  us  first  of  all  see 
what  it  amounts  to  when  admitted  without  any  qualification. 
Where  does  this  special  fauna  exist  in  England  ?  Certainly  not 
in  the  Chert  Beds  either  of  Wiltshire,  Dorset,  or  the  Isle  of  Wight, 
which  have  everywhere  a  very  limited  fauna.  The  fossils  of  the 
Warminster  Greensand  [which  is  the  fauna  in  question]  have  mostly 
been  obtained  from  a  bed  of  bright  greensand  lying  above  the  Chert 
Beds  and  passing  up  into  Chloritic  Marl  [see  p.  156]. 

"It  is  quite  a  mistake  to  suppose  that  this  is  a  typical  Upper 
Greensand  fauna :  it  is  only  that  of  the  very  highest  bed,*  so  that  if 
two-thirds  of  the  French  Cenomanian  are  to  be  correlated  with 
the  thin  bed  of  greensand  near  Warminster  on  the  strength  of 
the  similarity  between  the  fauna,  we  nnist  imagine  that  this  thin 
bed  [varying  from  5  to  10  feet]  lias  expanded  to  a  thickness  of  80 
feet  or  more  in  France,  although  the  beds  both  above  and  below 
have  very  greatly  diminished  in  thickness. 

*  Since  the  above  was  written  we  have  come  to  the  conclusion  that 
the  fossiliferous  part  of  the  Rye  Hill  Sand  (a  thickness  of  only  2  feet) 
should  be  included  in  the  Cenomanian  zone  oi  Am.  variaiu, 
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.  "  Our  lists,  however,  sliow  that  of  the  fossils  which  may  bo  col- 
lected from  these  beds  near  Havre  in  a  few  days'  time ;  quite  as 
many  occur  in  our  Chalk  Marl  as  in  the  Warminster  Beds.** 

We  also  pointed  out  in  1896  that  it  was  unsafe  to  depend  on 
Echinoderms  or  ground-feeding  Molluscs  in  correlating  ttvo  different 
deposits  at  some  distance  apart,  because  the  conditions  of  life  may 
have  l3een  different  in  the  two  areas.  We  believe  also  that  the 
reason  ^hy  Pectin  asper  and  some  other  members  of  the 
Warminster  fauna  do  not  occur  in  the  Chalk  Marl  ifi  sihiply 
because  the  water  became  too  deep  for  them,  and  not  because 
they  had  everywhere  ceased  to  exist. 

We  have  shown  that  the  Cenomanian  of  Ha\Te  was  probably 
formed  in  greater  proximity  to  land  than  the  Lower  Chalk  of  our 
southern  coasts,  and  also  that  in  passing  from  Havre  toward  the 
south-west  we  reach  sliallow-water  sands  and  sandstones.  It  is 
not  surprising,  therefore,  that  there  should  be  ^  certain  correspond- 
ing change  in  the  fauna.  Is  it  Ukely  that  the  same  assemblage 
of  creatures  would  inhabit  the  littoral  sandy  floors,  as  well  as  the 
intermediate  deptlis  where  glauconitic  marls  and  sands  were  being 
formed,  and  the  comparatively  deep  water  of  the  chalk-marl  area  ? 

"Further,  as  the  period  was  one  of  continued  subsidence,  and 
as  the  formation  of  the  Chalk  Marl  was  preceded  by  that  of  glau- 
conitic sand  in  a  shallower  sea,  what  is  more  likely  than  that  the 
creatures  which  Uved  in  that  shallower  sea  should  gradually  migrate 
to  other  tracts  where  the  same  conditions  prevailed,  as  the  area 
of  the  sea  grew  larger  and  the  central  portion  of  it  grew  deeper  ? 

"  The  case  is  quite  different  with  the  Cephalopoda,  for  they  could 
move  freely  from  place  to  place,  and  were  not  directly  dependent 
on  depth  of  water  or  on  the  nature  of  the  sea  floor.  They  must 
therefore  be  much  more  trustworthy  chronological  guides  [than 
echinoderms  and  bivalve  molluscs] ;  and  if  we  rely  upon  their  guid- 
ance in  the  present  case  we  find  that  they  lead  us  to  the  very  concln- 
sion  which  we  regard  as  correct,  for  the  Cephalopoda  of  the  lower 
part  of  the  Cenomanian  of  Havre  are  identical  with  those  of  our 
Chloritic  Marl  and  Chalk  Marl,  and  they  do  not  occur  in  the  Chert 
Beds  of  our  Upper  Greensand. 

**  To  sum  up,  therefore,  our  Ijelief  is  that  the  C-enomanian  deposits 
of  the  Seine  Inferieiu-,  Calvados,  and  Orne,  above  that  horizon 
which  we  have  taken  as  its  base,  were  originally  continuous  with 
our  Lower  Chalk,  but  were  formed  in  a  shallower  part  of  the  sea, 
nearer  to  a  coast  line  and  in  a  region  more  favourable  to  the  growi,h  of 
siliceous  sponges.  Hence  they  consist  of  a  more  sandy  material, 
with  a  larger  amount  of  siliceous  matter  in  the  form  of  sponge- 
spicules,  this  latter  leadincr  to  the  frequent  development  of  chert 
nodides." 
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CHAPTER   XXII. 

HIE     AnCROGRAPHIC     STRUCTURE     OF     THE     BEDS 
FORMING  THE  ZONE   OF  AM.   VARIANS. 


By  W.  Hill. 


Introductory  Rbl\l4rks. 

In  the  following  pages  it  is  proposed  to  give  some  account  of  the 
minute  structure  and  contents  of  the  successive  zones  of  the  Chalk 
as  revealed  by  microscopic  examination.  Though  much  work 
lias  been  done  in  the  study  of  the  Microzoa  obtained  from  the  Chalk 
of  various  localities  and  at  difterent  horizons,  it  was  not  till  1893, 
when  Dr.  Hume*  published  his  Micro-Mineralogical  Researches, 
that  any  systematic  attempt  was  made  to  investigate  the  zonal 
distribution  of  those  minute  elements  which  constitute  the  greater 
part  of  the  Chalk.  In  1897  again,  M.  Cayeuxt  published  a  series 
of  Monographs,  in  which  he  deals  exhaustively  with  the  lower 
beds  of  the  Upper  Cretaceous  series  in  Belgium  and  with  the 
zones  of  the  Middle  and  Upper  Chalk  in  the  Paris  Basin. 

Besides  these  two  works  little  has  been  done,  and  the  endeavour 
is  now  made  to  follow  up  this  "  fruitful  source  "  of  investigation 
as  far  as  time  and  circumstances  will  permit. 

Methods.  —Most  of  the  details  of  the  methods  of  these  researclios 
have  already  been  given  in  a  previous  volume,J  but  it  will  perhai» 
be  well  to  recapitulate  them,  and  an  explanation  is  also  necessary 
as  to  the  w^ay  in  which  the  quantities  of  the  various  ingredients 
of  the  Chalk  were  estimatwl. 

1.  The  Exiimination  of  Thin  Scctiviis, —Wluh  little  could  be 
gained  by  the  study  of  thin  sections  of  the  Gault,  much  information 
can  be  obtained  from  the  Chalk  bv  this  means.  In  the  course  of 
many  years'  work  an  extensive  collection  of  thin  sections  has  been 
made  of  specimens  taken  from  all  zones  in  the  Clrnlk  obtained  from 
many  localities  between  Uevonsliire  on  the  west,  Dover  on  the 

*  Chemical  and  Micro-Mineralogical  Researches  on  the  Upper  Cret. 
Zones  of  the  South  of  England,  by  Dr.  W.  F.  Hume. 

t  Contribution  a  I'Etude  Micrographique  des  Terrains  Sediment  aires, 
by  M.  Cayeux. 

t  Cretaceous  Rocks  of  Britain,  Vol.  i. ;  The  Gault  and  Grcensand«  Mem. 
GeoL  Survey  (1900). 
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east  and  Speeton  on  the  north.  These  have  been  examined  zone 
by  zone  and  county  by  county,  and  their  leading  characters  will 
be  described  in  the  following  pages.  The  figures  in  brackets  which 
follow  certain  detailed  descriptions  of  the  micro- sections  have 
reference  to  those  specimens  which  have  been  subject  to  further 
critical  examination.    (See  the  tables  of  analyses.) 

2.  The  Preparation  and  Examinatwn  of  Chemical  Residues.— 
In  order  to  obtain  an  idea  of  the  micro-mineralogical  contents  of 
the  Chalk  from  various  horizons  it  is  necessary  to  get  rid  of  the 
chalky  matter.  For  this  purpose  a  series  of  specimens  from  each 
zone  was  taken,  chiefly  from  localities  in  Devon,  Dorset,  Isle  of 
Wight,  Kent,  Buckinghamshire,  Hertfordshire,  Cambridgeshire, 
Norfolk,  Lincolnshire,  and  Yorkshire,  and  from  a  few  intermediate 
points. 

Portions  of  the  specimens  selected  were  treated  by  the  method 
employed  by  Dr.  Hume.  *  The  chalk  was  broken  into  fragments  not 
larger  than  a  good-sized  pea,  and  dried  at  a  temperature  of  not  less 
than  100**  C.  for  at  least  two  and  a  half  hours.  A  portion  was  then 
weighed,  the  quantity  taken  depending  on  the  size  of  the  speci- 
men. This  dried  chalk  was  then  treated  with  a  20  per  cent,  solu- 
tion of  hydrochloric  acid  (1*60  sp.  gr.  B.P.),  the  resulting  solution 
(with  the  suspended  insoluble  matter)  being  poured  off  from  time 
to  time.  After  complete  solution  the  whole  was  allowed  to  settle 
in  a  large  beaker,  and  the  clear  fluid  after  passing  through  a 
filter  was  thrown  away.  Hot  water  was  added  to  the  remainder, 
and  after  twenty  had  been  slowly  counted,  about  half  the  fluid  with 
such  material  as  remained  suspended  was  poured  into  a  second 
beaker.  This  process  was  repeated  until  the  coarser  pjirticles  were 
as  far  as  possible  separated  from  the  finer.  To  remove  the  cal- 
cium chloride  the  whole  of  the  residue  was  washed  with  hot  water, 
and  the  fluid  poured  off  through  a  filter  until  there  was  little  or  no 
reaction  with  a  solution  of  nitrate  of  silver  in  the  filtrate.  Both 
the  finer  and  coarser  residues  were  dried  and  weighed  separately, 
and  from  these  weighings  the  ])ercentages  are  calculated. 

The  coarse  residue,  when  the  quantity  was  sufficiently  larpe, 
was  further  subdivided  by  sifting  through  three  sieves  of  40,  fiO, 
and  90  meshes  to  the  inch.  This  created  four  divisions  with  par- 
ticles of  comparatively  relative  size ;  each  division  was  weighed 
separately.  The  proportions  of  the  various  constituents  in  each 
division  were  then  estimated  by  the  eye,  a  little  of  the  material  being 
spread  thinly  on  a  slide  and  viewed  under  the  microscope,  the 
percentage  being  calculated  in  relation  to  the  weight. 

From  10  to  100  of  the  muieral  grains  in  each  of  the  four  divisions 
were  measured  in  their  longest  diameter,  and  the  average  taken. 
Where  the  amount  of  sand  was  considerable  the  average  size  of  the 
grains  was  calculated  in  relation  to  the  weight  of  the  respective 
divisions. 

*  Chemical  and  Micro-Miiieralogieal  Researches,  p.  11. 
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The  results  obtained  by  this  method  of  investigation  will  be  found 
in  the  tables  appended  to  the  description  of  each  zone.  The  arrange- 
ment is  as  follows:— (1)  Each  specimen  is  numbered  and  its 
locality  indicated.  (2)  The  amount  of  the  material  taken  follows, 
and  then  (3)  the  percentage  soluble  in  the  acid.  Then  follows  (4) 
the  percentage  of  the  coarse,  and  (5)  of  the  fine  residue,  and 
(6)  the  total  quantity  of  each,  with  (7)  its  colour. 

The  composition  of  the  coarse  residue  is  then  given  with  (1)  the 
names  of  such  detrital  minerals  as  have  been  recognised,  their 
percentage  and  the  maximum  and  average  size  of  the  grains. 
(2)  The  secondary  minerals  follow,  but  dimensions  of  the  glauconitio 
grains  only  are  given ;  then  come  (3)  the  generic  names  of  such 
Foraminifera  as  were  isolated  in  the  acid  residues,  and  their 
percentage ;  the  final  column  (4)  l>eing  given  to  shell  fragments 
and  particles  whose  identity  is  uncertain.  Finally,  remarks  in 
each  case  draw  attention  to  any  peculiarity  seen  in  the  residue ;  and 
in  brackets  are  given  the  leading  characteristics  of  the  specimen 
when  seen  as  a  thin  section,  with  the  estimated  percentage  of  the 
recognisable  organic  ingredients. 

The  zonal  divisions  followed  are  those  described  in  the  earlier 
pages  of  this  volume.  It  is  very  necessary  in  considering  the  chemi- 
cal and  micro-mineralogical  characters  of  the  various  zones  to  indi- 
cate as  nearly  as  possible  the  horizon  from  whence  the  specimen 
comes.  It  will  be  seen  in  the  sequel  that  there  are  very  con- 
siderable lateral  as  well  as  vertical  diflerences,  and  the  approxi- 
imate  distance  in  feet  alx)ve  or  below  some  well-marked  bed  should 
always  be  given  if  possible. 

3.  Washings.— "iSiiny  siiecimens  of  the  softer  chalks  were  washed 
in  water  without  acid,  the  finer  part  removed  by  le\ngation,  and 
the  chief  characters  of  the  coarse  particles  which  remained  behind 
noted.  These  included  Foraminifera,  valves  of  Ostracods,  frag- 
ments of  shell,  spines  of  Echinoderms,  &e.  These  particulars  are 
given  under  the  head  of  "  Washings." 

iJr.  Hume  has  very  kindly  put  into  our  hands  the  results  of 
some  further  investigations  of  chalks  from  Devonshire  and  the 
Midlands,  which  he  hius  had  no  opjX)rtunity  to  complete.  These 
we  have  incoriK)rat(»(l,  l)ut  have  kept  his  work  separate  as  far 
as  practicAl)le. 

We  have  also  drawn  freely  from  Dr.  Hume's  published  account 
of  the  micro-mineralogical  aspect  of  the  Chalk.  Our  best  thanks 
are  due  to  him  for  giving  us  all  the  information  in  his  power  of 
the  way  in  which  he  has  carried  on  this  work. 

Mr.  J.  J.  H.  Teall,  kindly  undertook  to  examine  our  residues, 
and  to  report  on  the  detrital  minerals,  and  Mr.  F.  Chapman  to 
name  the  Foraminifera  isolated  in  the  residues  and  washings. 
To  both  these  gentlemen  our  best  thanks  are  also  due. 
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In  dealing  with  the  different  parts  of  the  Lower  Chalk  we  shall 
describe  them  in  the  following  order  :— 

A.  Chloritic  Marl  (base  of  the  Am.  varians  zone). 

B.  The  quartziferous  Limestones  of  Devon. 

C.  The  Marls  and  Chalks  of  the  Am,  varians  zone. 

D.  The  Totternhoe  Stone. 

E.  'Chalk  above  the  Totternhoe  Stone. 

F.  The  Belemnite  Marls. 

Of  these  subdivisions,  the  fu^st  two  will  be  dealt  with  in 
this  chapter. 

A.   The  Chloritic  Marl  and  Basement  Beds. 

Macroscopic  Aspect 

In  this  division  is  included  not  only  the  Chloritic  Marl  (zone  of 
Stauronema  Carteri)  but  also  other  beds  at  the  base  of  the  Chalk 
which  may  not  lie  on  exactly  the  same  polaeontolop^ical  horizon, 
but  which  from  tlunr  [jflauconitic  and  sandy  nature  bear  a  strong 
litjiological  rt\seniblanc«  to  it. 

The  specimens  are  from  the  followinjjj  localities  from  wwt  to 
easti—Bookham  Farm,  North  Dorset  (the  basement  bed,  but 
proljably  not  exactly  the  same  horizon  as  the  Chloritic  Marl  of  the 
Isle  of  Wight);  Lulworth  and  Mupe  Bay  in  South  Dorset; 
Maiden  Bradley,  near  Warminster,  Wilts ;  Ventnor,  Isle  of  Wight 
(Ammonite  B^) :  Folkestone  (Greensand) ;  Cambridge  Greensand 
from  Arlesey ;  and  a  bed  of  micaceous  marl  lying  at  the  base  of 
the  Chalk  at  Shouldham,  Norfolk. 

There  is  a  considerable  diveraity  in  the  aspect  of  the  specimens. 
In  colour  they  range  from  ])cile  grey,  liookham  and  Shouldham ; 
to  a  darker  grey  at  Maiden  Bradley  ;  grey,  .sometimes  with  greenish 
tint.  Isle  of  Wight ;  and  a  decided  grey-green  at  Folkestone. 

The  Bookham  and  Lulworth  specimens  api)ear  to  be  chalky 
marls  plontifully  si^eckleil  with  glauconitic  grains;  the  highest 
part  of  the  glauconitic  marl  of  ]Uu]De  Bay  is  similar,  but  jiassi^s 
down  into  a  gretai  compact  siindy  rock ;  that  from  Maiden  Bradley 
a  very  sandy,  rather  hard  grey,  but  somewhat  friable  stone ; 
that  from  the  Isle  of  Wight  a  compact  glauconitic  rock.  The 
Folkestone  sample  is  a  crumbling  glauconitic  marl,  and  that 
from  Shouldham  a  compact  marly  chalk. 

Microscopic  Aspect  of  Thin  Sections. 

Viewed  in  thin  sections  under  the  microscope  with  an  objective 
of  two-thirds  of  an  inch  focus,  the  aspect  of  these  specimens  varies 
as  their  external  appearance  would  indicate.  That  from  Bookham 
(1)*  is  seen  to  consist  largely  of  tine  amorphous  calcareous  material, 
with  which  are  intermingled  the  glauconitic  and  mineral  grains  w  itii 
a  few  shell  fragments ;  Foraminifera  occur,  but  take  up  a  very  small 

*  The  numbers  in  the  text  refer  to  the  analyses  of  the  specimens  in  tho 
tables  on  pp.  271  to  324. 
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area  in  the  section,  while  calcareous  "spheres"*  are  very  abun- 
dant, and  oecupy,  at  least  on&-third  of  it.  No  satisfactory 
aectioii  could  be  made  of  the  specimen  from  Maiden  Bradley. 

The  basement-bed  at  Lul worth  (3a)  also  consists  largely  of 
amorphous  material  with  many  **  spheres  "* ;  the  rock  is  also  full 
of  small  pieces  of  shell  and  a  few  larger  fragments  ;  8evei*al  of  the 
latter  are  evidently  derived  from  the  plates  of  an  Echinoderm.  A 
few  Foraminifera  and  grains  of  quartz  and  of  glauconite  are 
scattered  through  the  rock. 

In  a  specimen  from  the  top  of  the  glauconitic  marl  of  Mupe 
Bay  (3b),  sand  grains  are  an  important  feature  of  the.  deposit, 
and  glauconitic  grains  are  also  numerous.  The  proportion  of 
coarse  shell  fragments  is  also  large :  many  of  these  are  long  and 
thin  and  give  no  clue  to  their  derivation,  others  are  Inoceramus- 
prisms  and  not  a  few  are  derived  from  Echinoderms.  Ijarge 
Foraminifera,  chiefly  Tcxtularia,  are  common.  These  coarse 
materials  are  iiregular]^^  scattereil  through  the  amorphous  matrix, 
many  of  the  longer  shell  fragments  have  their  long  axes  in  the 
^ame  plane,  and  the  aspect  of  the  whole  section  suggests  current 
action. 

The  Cliloritic  Marl  of  Ventnor  (4)  has  a  similar  calcareous 
matrix  ;  the  miner&l  grains  are  hardly  so  prominent  as  in  the  Book- 
ham  example,  but  glauconite  is  more  abundant.  Large,  coarse 
shell  fragments,  chiefly  Inoceramus-priams  and  Foraminifera,  occupy 
half  the  area  of  the  section,  but  "  spheres  "  are  very  scarce. 

ITie  Folkestone  (5)  specimen  is  a  glauconitic  sand,  the  interspaces 
between  the  grains  being  now  filled  with  finely  granular  crystalline 
calcite,  once  prolmbly  a  calcareous  mud.  Certain  areas  of  small 
size— seen  in  a  hand  specimen  as  whitish  marks  or  pipings— are 
filled  with  fine  amorphous  calcareous  material  to  the  exclusion  of 
the  larger  glauconitic  grains.  In  such  areas  "  spheres  "  can  be  seen, 
and  Foraminifera  can  \ye  detected  in  other  parts  of  the  slide  lying 
between  the  grains  of  glauconite. 

The  as})ect  of  a  thin  section  of  the  Cambridge  Greensand  (0) 
viewed  under  the  microscojxi  with  a  1-inch  objective,  is  that  of  an 
evenly-grained,  sandy,  and  rather  calcareous  mud,  containing  large 
grains  of  glauconite. 

The  ground  mass  appears  as  brownish-grey  amorphous  matter, 
largely  inorganic,  but  under  crosseil  Nicols  it  can  be  seen  to 
contain  calcitic  particles,  and  through  this  are  thickly  scattered 
minute  mineral  grains  ;  Foraminifei^a  occur  here  and  there  and  it 
is  possible  to  pick  out  occasionally  a  fragment  of  a  tooth  or  bone, 
probably  fish  remains.  Few  shell-fragments  can  be  seen.  The 
grains  of  glauconite  are  nearly  all  of  large  size  and  though  gener- 
ally distributed  through  the  mass  occur  also  thickly  packed  hi 
streaks  or  veins,  the  interstices  being  filled  up  with  the  amorphous 
matter  and  the  minute  sand  grains. 


<«w- 


*  For  a  deacriptiop  of  the^e  spheres  see  under  Middle  Chalk,  p.  500f' 
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In  the  basement  bed  at  Shonldham  (7)  glauconitio  and 
mineral  grains,  with  shell  fragments,  all  of  small  size,  are  distri- 
buted with  evenness  and  regularity  through  the  amorphous 
calcareous  matrix.  Foraminifera  are  present,  and  the  tests  of 
arenaceous  forms  can  be  recognised,  and,  though  not  a  predomin- 
ating feature,  the  even  character  of  the  marl  throws  them  into 
greater  prominence  than  usual ;  "  spheres  "  are  comparatively  rare. 

Examination  of  the  Washings. 

Shdl  Fragments,  ^-Jn  the  West  of  England,  at  Bookham  and 
Maiden  Bradley,  these  were  not  abundant;*  they  were  chiefly  flat 
fragments  of  Ostrea,  Pecten,  and  Plicatvla,  with  a  few  pieces  of 
/fioceramtAS-ahell  or  detached  prisms.  At  Ventnor  these  prisms  were 
very  numerous ;  at  Folkestone  and  in  the  Cambridge  Greensand 
all  shell  fragments  were  comparatively  rare,  while  at  Shouldham 
they  consisted  chiefly  of  the  remains  of  a  small  Brachiopod,  the 
largest  pieces  being  those  of  the  stoutest  part  of  the  shell  around 
fhe  umbo. 

Fragments,  apparently  those  of  a  minute  Belemnite,  oc<5urred  at 
Maiden  Bradley. 

Spines  of  echinoderms  occur  in  all  except  the  Folkestone  speci- 
men ;  they  are  of  minute  size,  and  may  be  referred  to  Hemiaster 
or  Pseudodiadevfia. 

Minute  fish-teeth,  coprolites  and  scales  occmTed  in  all  of  them, 
but  were  most  numerous  in  the  Shouldham  deposit.  Here,  though 
not  forming  a  very  large  proportion  of  the  rock,  they  were  more 
conspicuous  than  usual  amongst  the  coarser  material. 

Sponge  spicules  and  Hexoctindlid  sponge-mesh  occurred  in  all 
specimens.  Tetractinellid  and  Mondctindlid  spicules  were  also 
observed,  the  former  rarely,  but  in  the  Shouldham  marl  were 
several  trifid  spicules,  the  siliceous  walls  of  which  were  entirely  re- 
placed by  limonite. 

Forammi/era.— Foraminifera  are  by  far  the  most  abundant 
group  of  Microzoa.  Tlie  number  of  species  which  it  was  possible 
to  isolate  depended  much  on  the  comparative  hardness  of  the  rork- 
specimens  dealt  with.  It  must  also  be  understood  that  no  attempt 
was  made  to  discover  every  species  which  occurs  in  each  zone ;  only 
those  were  taken  which  came  readily  and  quickly  to  hand.  It 
is  believed  that  the  chief  and  the  moat  abundant  forms  occurring 
in  each  zone  have  been  included,  with  such  of  the  rarer  kinds  which 
came  under  notice  from  time  to  time. 

The  Foraminifera  isolated  from  the  washings  and  residues  (ex- 
cluding the  Cambridpje  Greensand)  were  named  by  Mr.  Chapman  ; 
thirty-seven  species  and  varieties  are  distributed  as  follows  accord- 
ing to  the  classification  of  Dr.  Brady  :  — 

*  The  specimens  from  Lul worth  and  Mupe  Bay  proved  too  hard  to  brea); 
up  for  satisfactory  examination. 
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Family.  Qenera.  No.  of  Species. 

Lituolidao  Keophaz    -       -       -       -  Fragments  only 

Haplophragmium     -       -       -        -  3 

Textularii(ke  TextuUria 3 

Verneuilina 1 

Tritaxia 2 

Spiroplecta 1 

Gaudryina 3 

Bulimina  - 7 

Pleurostomella  -        -        -        -  i 

LagenidiP  Nodoearia        -----  2 

Marginulina      -        .        -        .        .  i 

Vaginulina 2 

Cristellaria 4 

GlobigerinidsQ  Globigerina 2 

Rotaiiiddo  Truncatulina 1 

Anomalina        -        -        -  -  2 

Rotalia 2 

As  may  be  expected,  there  is  considerable  difference  in  the  ap- 
pearance of  the  arenaceous  forms,  those  of  Maiden  Bradley  and 
Ventnor  having  their  tests  built  of  very  coarse  sand  grains,  whilst 
those  of  Shouldham  are  far  more  delicately  constructed.  Frag- 
ments of  Reophax  were  common  in  the  more  sandy  specimens  of 
Maiden  Bradley  and  Ventnor.  Haplophragmium  occurred  both  at 
Maiden  Bradley  and  Shouldham,  and  probably  is  to  be  foimd  in  all 
localities  unier  consideration.  Tritaxia  tricarinata,  and  Trit, 
pyramidata^  and  the  Bulimines  occurred  in  all  localities.  Of 
the  latter  Bidimina  Presli  and  Bulimina  hrevis  were  most  abimdant. 
Amongst  Textularians  were  Textularia  trochus,  T.  turrisy  and 
r.  minuta,  and  these  with  Gaudryina  pupoides  complete  the 
list  of  the  commoner  arenaceous  forms. 

Of.  the  others  Anomxilina  ammonoides,  Cristellaria  rotulata, 
RotaJ,ia  Soldaniy  and  Globigerina  creta^ea  were  the  most  promi- 
nent, ^he  tasts  of  the  latter  species  were  all  very  small.  Spiroplecta 
ancepSy  a  common  form  at  Maiden  Bradley  and  Bookham,  does 
not  occur  in  the  more  eastern  samples.  Individual  specimens 
were  least  numerous  in  the  sandy  rock  of  Maiden  Bradley  and  in 
the  Chloritic  Marl  of  Folkestone. 

In  the  Cambridge  Greensand  Professor  W.  J.  SoUas  foimd  forms 
of  Lituola,  Lagena  and  Vitritoebbina  very  abundant,*  genera  which 
appear  to  be  rare  elsewhere.  He  also  notes  that  Nodoaaria 
Vaginulina,  Frondicularia,  Flaljellina  and  Bulimina  are  common 
arenaceous  forms.  In  1899  Mr.  F.  Chapman  published  a  com- 
plete account  of  the  Foraminifera  from  the  (!*ambridge  Greensand 
enumerating  1 38  species  and  varieties  belonging  to  29  genera.f 
He  observes  that  many  of  them,  *'  esi^ecially  among  the  larger 
species,  show  a  marked  abrasion  of  their  tests,^  and  he  is 
**  strongly  inclined  to  believe  that  a  large  proportion  of  the 
microzoic  fauna  has   been  derived  from  the  upper  beds  of  the 

*  See  Quart.  Journ.  Geol.  See.,  Vol.  xxviii.  p.  398  (1872). 
t  Ann.  Mag.  Nat.  His.,  Ser.  7.,  Vol.  iii.  pp.  48  and  302. 
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Oault. .  . .  The  facies  from  this  bed  is  remarkably  like  Umt  of  the 
Greensand  seam  in  the  Gault  (zone  xii,)  at  Folkestone." 

Os^rocoda.— Valves  of  Ostracods  were  found  in  the  samples 
from  Bookham,  Maiden  Bradley  and  Ventnor,  but  were  not 
common  in  any  of  them,  They  appear  to  be  more  numerous  in 
the  Cambridge  Greensand,  and  Mr.  Chapman  has  recorded  45 
species  from  that  deposit.*  The  commonest  are  species  of 
Cytherella,  Cytheropteron  and  Cythereis, 

Examination  of  the  Residues. 

The  DetrUal  Minerals,— TheBe  are  coarsest  at  Maiden  Bradley, 
where  the  largest  grains  measured  3  mm.  and  more  in  their 
longest  diameter,  the  average  size  being  *  47  mm.  in  the  •  higher 
example  of  the  Chloritic  Marl  in  this  locality. 

They  diminish  in  size  as  well  as  in  number  both  to  the  south- 
east and  to  the  north-east,  their  average  longest  diameter  in  the  Isle 
of  Wight  being  '12  mm.,  Folkestone  '10  mm.,  Shouldham  'OoSmm. 

Mr.  Teall  has  kindly  furnished  the  following  notes  on  the  detritd 
minerals  which  occurred  in  these  residues  after  treatment  of  the 
specimens  of  the  Basement  bedd  with  acid  solution  :< — 

In  addition  to  glauconite,  more  or  less  oxidised  pyrite  or  mar- 
casite,  and  the  remains  of  arenaceous  Foraminifera,  these  residui  s 
contain  variable  amounts  of  foreign  clastic  material. 

Apart  from  variations  in  the  size  of  the  g?*ain8,  arid  the  total 
amount,  this  material  dow  not  show  any  marked  variation  whc  n 
the  samples  from  different  localities  are  compared.  It  may  tlierc- 
foi"e  be  de8cril)ed  in  general  terms. 

Quartz  is  by  far  the  most  abundant  mineral.  The  gra'n?  are 
often  colourless,  but  they  are  not  unfrequently  tinged  ^^  ith  bro>^  niph 
or  greenish  tints.  They  contain  the  inclusions  so  common  in  the 
quartz  of  granitic  and  gneissose  rocl«.  Felspar  anl  whit«  mica 
are  also  preaent,  but  only  in  veiy  small  (juantities.  Miefoeliiie 
lias  Ijcen  obstuvwl  in  one  or  two  c^isas,  and  olijjotloHe  is  ])ri>hal)ly 
also  present,  although  it  has  not  been  deliiiitely  deternjincKJ.  AVhen 
the  residues  are  placed  in  a  diffusion  column  of  Ciidniimn  ferrotung- 
state  the  felspars  float  either  with  or  above  the  quartz,  liisic 
felspars  are  absent. 

All  the  finf^grained  rasidues  contiiin  a  considerable  assortment 
of  heavy  minerals.  Garnet,  staurolite,  zircon,  rutile,  ihnenite,  and 
magnetite  were  observexl  in  the dejxwits  from  Cerne  Abl>as,  A\ntnor, 
and  Shouldham.  Tourmaline  was  also  recognised  in  the  deposits 
from  each  of  the  above-mentioned  localities,  except  that  from  Vent- 
nor, and  if  a  larger  amount  of  material  had  been  available  it  would 
probably  have  \yeen  found  there  also. 

It  follows  from  the  facts  mentioned  a]x)ve  that  tlie  foreign  clastic 
material  has  been  derived  from  the  disintegration  of  plut(^nic  and 
metamorphic  rocks.  Xo  minerals  characteristic  of  volcanic  rccki 
have  been  observed.    (J.J.H.T.) 


Ann.  Mag.  Kat.  Hist.,  Scr.  7.*  Vol.  ii.  p.  3ai  (1898). 
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It  oanuot,  of  course,  be  assumed  that  the  minerals  have  b^n 
derived  directly  from  the  parent  rocks.  They  may  have  do)^ 
duty,  so  to  speak,  in  pre-existing  sedimentary  deposits. 

The  material  obtained  from  the  Cambridge  Greensand  received 
special  attention  with  the  following  results  :— 

As  far  as  practicable  all  phosphatic  nodules  were  removed  before 
drying  and  weighing,  though  a  few  minute  ones  were  discoverecj 
after  treatment  with  the  acid. 

The  remarkable  features  of  this  residue  are  the  smallness  of  tihp 
mineral  grains  and  the  abundance  amongst  them  of  mica  flake9  ; 
some  of  these  were  white,  silvery,  and  clear  white,  others  have  a 
dark  sooty  appearance.  Except  the  mica  flakes,  which  have  con- 
siderable superficial  area,  no  mineral  gi^ain  measured  exceeded 
16  mm.   All  the  quartz-grains  are  angular  and  appear  little  won^. 

The  grains  of  glauconite  as  a  whole  are  rough  and  mammillat;^.^, 
and  vary  in  colour  from  a  j^jile  to  a  dark  greyish -green  ;  all  have  a 
dull  weathered  or  worn  exterior  though  from  their  aspect  in  thin 
sections  this  does  not  appear  to  be  due  to  incipient  decomposition, 
for  their  edges  are  sharp  and  clear  and  there  is  no  suggestion  of 
alteration  of  their  material.  Though  no  grain  of  exceptional 
size  was  noted,  the  greater  part  of  them  are  certainly  larger  than 
usual.  The  coai-se  residue  was  nearly  free  from  particles  of  iron 
oxide. 

Secondary  Minerals.  '-Glaucoiiite.—Thi&  mineral  is  more  abundwt 
in  the  Chloritic  Marl  and  basement-beds  of  the  Clialk  than  at  ^^v 
other  horizon.  In  the  Chloritic  Miirl  of  Folkestone  it  is  estim^^ 
to  form  GO  per  cent,  of  the  material  examined,  and  the  proportion 
in  the  Cambridge  Greensand  is  pi-obably  about  the  same;  at 
Ventnor  there  is  only  12  per  cent. ;  at  Lulworth  and  Mupe  Bay 
13  and  15  per  cent,  respectively ;  Maiden  Bi*adley  9  per  c  ^nt. ;  ai^d 
at  Shouldham  al)out  3*5  ])er  cent.  The  quantity  of  gla  ironite  in 
the  iirat-named  specimen  agrees  fairly  well  with  thci  typioai 
glauconitic  Siinds  of  the  Challenger  collection,  which  however, 
"contain  40  to  50  |x^r  cent,  of  Foraminifera  and  other  carbonate 
of  lime  shells,  togetlier  with  the  remains  of  siliceous  organisms.''^ 
Foraminifera  are  not  so  important  a  feature  in  the  Folkestone depopjt- 
Arenaceous  Foraminifera  are  estimated  at  only  2  per  cent,  of  the 
coarse  residue  of  this  specimen  and  other  forms  are  by  no  means 
numerous. 

At  Folkestone  and  Ventnor,  in  the  Cambridge  Gi-eensand,  and 
in  examples  of  the  Chloritic  Marl  in  the  West  of  England  the  grains 
re^^mble  those  of  the  Gault  in  their  rough,  furrowed,  mammillated 
outline,  but  a  larger  proportion  can  be  recognised  as  Foraminiferal 
casts.  Writing  of  the  Cambridge  Greensand  in  1872.  Profeasor 
Sollas  says  :!'*  the  glauconitic  grains  are  the  casts  of  Foraminifera, 
possibly   also   of   other  minute   shells.     The  larger  casts,  aljout 

*De^p-Sea  Deposits.    Report  of  tlie  **  Challenger /'  Expedition,  p.  ^7d. 
+  See  Quart.  Journ.  Geol.  Soc,  Vol.  xxviii.  p.  397, 
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1-40  to  1-60  in.  diameter  and  less,  are  marked  into  projecting  lobes 
by  deep  sulcations,  generally  lined  at  the  bottom  with  white 
calcareous  matter,  which  serves  to  mark  out  the  limits  of  each 
lobe.  These  forms  are  derived  from  Textularia,  LiiuoLa  and 
Bulimina;  in  size  they  correspond  very  closely  with  such  a 
derivation;  just  passing  through  the  meshes  of  a  sieve  which 
retain  almost  all  the  numerous  BulimincB  mingled  with  them. 
Each  lobation  of  the  cast  corresponds  to  the  interior  of  a  chamber 
of  the  Foraminifer,  and  each  white  calcareous  line  between  the 
lobes  is  the  edge  of  the  septum  which  once  separated  adjoining 
chambers,  and  now  in  some  cases  extends  inwards  between  their 
casts.    This  is  shown  by  sections  made  in  various  directions  through 

the  green  grains Sometimes  Bulimina  are  met  with  having 

part  of  their  shell  worn  away,  revealing  a  green  cast  within." 
Besides  the  above  he  noted  grains  derived  from  caste  of  Orthocerina, 
Rotalia,  Globigerin<i  Nodosaria  and  Lagena. 

In  the  basal  bed  at  Shouldham,  a  finer  and  more  chalk-like 
deposit,  the  grains  are  smoother  and  roimder,  a  large  number  of 
them  being  well-formed  caste  of  Foraminifera. 

In  colour  the  grains  vary  from  dark  green,  almost  black,  to  a 
pale  yellowish-grey,  and  frequently  the  grains  have  a  thin,  pale- 
green  rind  of  dusty  appearance  as  though  they  were  weathered. 
Professor  Sollas  remarks  that  the  grains  in  the  Cambridge  Green- 
sand,  when  slices  are  viewed  with  polarised  light,  show  distinct 
colours,  dark  green  with  parallel  prisms,  and  bright  lighter-coloured 
green  with  crossed  prisms. 

The  largest  grains  occur  in  the  Chloritic  Marl  of  Folkestone, 
they  average  '31  mm.,  and  this  is  closely  approached  in 
specimens  from  the  West  of  England.  Though  the  largest  grain 
measured  occurred  in  the  glauconitic  marl  of  Mupe  Bay,  and  was 
*81  mm.  in  longest  diameter,  probably  grains  of  equal  size  could 
be  found  in  the  basement-beds  of  other  localities. 

Marcasite  and  Ferruginous  il/aYfcr.— No  nodules  of  bright  brassy 
Marcasite  occurred  in  our  specimens  of  the  Chloritic  Mai*l,  but 
possibly  the  brown  porous  masses  of  iron  oxide  which  were  found 
in  several  specimens  have  resulted  from  the  alteration  of  this 
mineral.  At  Shouldham  were  many  sponge  spicules  coated  with 
Limonite.  The  amorphous  matrix  will  ]ye  dealt  with  under  the 
head  of  Chalk  Ma!*l. 

Tabulation  of  Results. 

The  following  tiible  gives  the  resulte  of  the  analysis  of  nine  speci- 
mens of  the  basement  beds  of  the  chalk  in  a  tabular  form.  The 
methods  by  of  which  these  resulte  have  been  arrived  at  and 
the  explanation  of  the  various  columns  have  already  been  given 
on  page  262  at  the  commencement  of  this  chapter.  The  speci- 
mens in  this  and  all  following  tablea  are  taken  from  West  to  East:— 
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Summaiy  of  Chemical  Besnlts. 

It  ia  believed  that  the  treatment  bv  a  weak  solution  of  livdix>- 
chloric  acid  (20  per  cent.)  removes  little  but  the  carbonates  of  lime 
and  magnesia  contained  in  the  specimens  examined ;  therefore  the 
fiist  column  of  the  foregoing  table,  which  gives  the  percentage 
soluble  in  acid,  represents  fairly  well  the  amount  of  lime  plus  the 
small  quantity  of  magnesia  which  chemical  analx'sis  sliows  to  occur 
in  manv  chalks.  « 

It  will  be  seen  by  reference  to  the  table  tliat  the  smallest  pro- 
portion of  fine  mud  Ls  found  in  examples  from  South  Wilts  and 
l)orset,  where  it  does  not  exceed  1(»  per  cent.  Eiistward  it  in- 
creases to  nearly  20  per  cent,  in  the  Isle  of  AVight,  and  north- 
eastward to 41  per  cent,  in  Hertford,  28  percent,  in  Norfolk.  The 
Chloritic  Marl  of  Folkestone,  however,  contains  only  about  8  per 
cent,  of  fine  inorganic  matter. 

Further  examination  shows  considerable  diflferences  in  the  coarse 
residues.  Thus  in  the  Folkestone  specimen  no  less  than  65*95  per 
cent,  consisted  of  coarse  particles  readily  separated  by  levigation 
(the  coarse  residue),  while  those  from  Maiden  Bradley  contained 
50*79  per  cent,  and  43*29  per  cent,  respectively  of  coarse  ingrts 
dients,  and  the  lower  part  of  the  bed  at  Mupe  Bay  yielded  42*11 
per  c«nt.  of  such  constituents.  At  Oerne  there  was  only  7*8(5 
per  cent,  and  in  the  upper  part  of  the  mass  at  Mupe  Bay  only 
3*02  of  coarse  material. 

There  is,  however,  a  great  difference  in  the  constitution  of 
these  coarse  residues,  for  while  glauconitic  grains  formed  94  per 
cent,  of  that  from  Folkestone,  the  two  from  Maiden  Bradley 
contained  only  19*63  per  cent,  and  10*68  per  cent,  respectively. 
The  Maiden  Bradley,  examples,  however,  far  exceed  that  of  Folke- 
stone in  the  amount  of  sand-grains  they  contain,  the  detrital 
minerals  being  estimated  to  form  72*43  per  cent,  and  81*30  per 
cent.,  but  in  the  Folkestone  sample  the  amount  of  the  detrital 
minerals  is  only  2  per  cent,  of  the  coarse  residue.  These 
details  are  still  more  striking  when  the  proportions  are  calculated 
in  relation  to  the  mass  of  the  rock ;  it  will  bo  found  then  tliat  the 
sand-grains  form  37  per  cent,  of  the  sample  from  the  top  of  the  rock 
at  Maiden  Bradley  24i  i)er  cent,  in  the  lower  sample  from 
Mupe  Bay,  Hi  per  cent,  in  the  Isle  of  Wight,  7  per  cent,  at 
Shouldham,  2  J  j)er  cent,  at  Cerne,  and  only  1 J  per  cent,  at  Folke- 
stone. It  is  remarkable  that  the  amount  should  be  so  small  at 
CJerne,  for  Mr.  Teall  has  identified  in  this  rock  all  the  minerals  found 
at  Maiden  Bradley. 

The  proportions  of  glauconite  c^ilculated  in  the  same  way  are 
61  per  cent,  at  Folkestone,  14i  per  cent,  at  Mupe  Bay,  12  per 
cent,  at  Ventnor  (base  of  Bed  5),  9  per  cent,  at  Maiden  Bradley, 
and  3  par  cent,  at  Shouldham. 
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B.    The  Quabtzifebous  Limestones  of  Devonshibs. 

These  beds  are  of  abnormal  character,  and  some  of  their  macro- 
scopic features  have  been  described  on  p.  130.  The  lowest  part 
of  the  deposit  is  generally  very  coarse-grained,  many  of  the  quartz- 
grains  being  as  large  as  a  pea.  Above  this  is  a  hard  calcareous 
sandstone  (Bed  11  of  Mr.  Meyer),  consisting  chiefly  of  shell- 
fragments  and  quartz-sand  compacted  by  calcite  into  a  hard  rock. 
Still  higher  is  a  hard  white  limestone  through  which  large  quartz- 
grains  are  plentifully  scattered  ;  this  is  No.  12  of  Meyer  and  B. 
of  our  sections.  No.  13  (our  bed  C)  is  a  sandy  glauconite  chalk, 
[For  microscopic  structure,  see  p.  299.] 

I.-^Hard  Limestone  overlying  Greensand  west  of  Beer  Harbour. 
69*95  grammes  of  this  material,  after  treatment  vnth  20  per 

cent.  HCL,  yielded  ;    4*97  gr8.=7*  116  per  cent.  ; 
Fine  residue,  1*25  grs.=l*78  per  cent. ; 
Heavy  residue,  3*73  grs.=5-33  per  cent.; 
Thus:  OaC03=92-88  per  cent. 

1.  Of  the  heavy  residue  that  above  1  mm.  in  diameter  weighs 
1  •  09  grs.  A  noticeable  f eatm'e  in  it  is  the  extent  of  the  siUcification 
and  the  abundance  of  the  detrital  materials.  The  siUcified  frag- 
ments consist  of— 

(a)  Brachiopod  fragments.    One  Kingena  had  been  completely 
silicified,  even  parts  of  the  loops  being  replaced,  but  in  most 
eases  the  shells  were  in  fragmente,  and  were  recognised  by 
the  pores  distributed  over  the  surface,  comparison  being 
made    with    unchanged    Brachiopoda.    Viewed    from    the 
side,  some  are  seen  to  be  delicately  costate,  and  they  form 
hollow  rectangular  masses,  only  one  wall  of  which  is  porous. 
They  are  sometimes  of  a  faint  red  tint,  having  been  coloured 
by  ferruginous  oxides. 
(6)  Very  perfectly  preserved  hexagonal  meshes,  due  to  the  inter- 
prismatic  silicihcation  of  /7ioceramws-shell8,  are  abundant, 
showing  columnar  structure  when  viewed  in  side  section. 
The  detrital  minerals  consist  almost  entirely  of  quartz,  in  rounded, 
colourless,   translucent,   whitish,   green,   and   red-tinged   pebbles 
and  a  number  of  othei's  of  most  irregular  form.    The  largest  Ls 
about  1*5  mm.  diameter.    Masses  of  limonite  are  present,  and  glau- 
conite in  aggregations,  which  show  but    little  trace  of    organic 
structure. 

2.  Residue  of  *  5  to  1  mm.  diameter.  One  of  the  special  features 
is  the  abundance  and  extreme  angularity  of  the  quartz,  most 
of  the  grains  of  this  mineral  showing  distinct  traces  of  the  original 
crystal  form.  In  some  the  prism  edges  are  only  just  beginning  to 
be  rounded  off,  and  the  pyramid  faces  are  still  evident.*  Even 
where  the  pebbles  are  definitely  rounded,  they  are  oblong  in  shai^e, 
and  have  probably  not  long  been  dei'ived  from  idiomorphic  forms. 
Flat  flakes  are  not  uncommon,  and,  in  addition  to  the  translucent 

ones,  there  are  a  number  of  others  of  a  yellowish  colour. 

«•  -    — • —  ■       -       ■  ■' '  ' 

*    Some  of  these  may  be  secondary  growths  of  quartz. 
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Hexagonal  meshes,  derived  from  Inocerami,  and  limonite  aggre- 
gations, are  also  present. 

3.  Residue  of  '25  to  '5  mm.  diameter  =  704  gr.  The  angular 
grains  of  quartz  are  still  numerous,  but  in  addition  to  these  are  a 
few  glauconite  grains,  and  two  internal  casts  of  Textularia  have 
been  observed. 

4.  The  finer  residue  consists  of  highly  angular  quartz,  minute 
glauconite  grains,  and  a  number  of  limonite  fragments.  When 
treated  with  hea\y  Uquid,  sp.  gr.  2*93,  the  limonite  grains  are  so 
abundant  as  to  obscure  the  other  minerals,  but  on  boiling  with 
strong  acid,  they  dissolve,  and  the  remaining  rwidue  is  seen  to  con- 
tain a  large  number  of  iri'eguhir  red-brown  and  orange-yellow 
fragments  of  Rutile,  and  a  number  of  crystals  of  Tom*maHne  of  a 
blue-grey  colour  (having  the  rhombohedi^al  terminations  at  one  ex- 
tremity, but  flat  at  the  other).  No  fragments  of  zircon  were  observed. 

//.  The  Sample  from  Bed  Xo.  13  of  Meyer. 

Original  weight,  after  drying=81*59  grammes. 

After  solution  in  20  per  cent.  HCl  there  remained  :— 
Fine  insoluble  re8idue=2  *  30  gi-s. =2  *  82  per  cent.. 
Heavier  coarse  residue  =  15  *  29  grs.  =  18  *  74  per  cent., 
therefore  CaCJog  -    =78*44  per  cent. 

1.  Of  the  heavier  residue  7*  40  grammes  were  over  1  mm.  in 
diameter,  and  consisted  almost  entirely  of  colom-less  quartz  grains, 
displaying  every  type  of  form,  from  completely  rounded  to  highly 
angular  grains.  Flattened  examples  are  also  numerous.  A  few 
have  a  faint  greenish-yellow  mineral  coating  parts  of  the  surface, 
and  probably  glauconitic  in  nature.  The  largest  grains  are  4  mm. 
in  diameter. 

2.  Particles  from  5  to  1  mm.  diameter=4*84  grs.,  consisting  of 
quartz  and  glauconite  grains  in  about  equal  proportions. 

(a)  The  quartz  grains  are  similar  to  those  described  above. 

(I))  The  glauconite  is  mostly  in  the  form  of  well-preserved  casts, 
the  chambers  being  still  united  together,  and  thus  it  marks 
the  internal  outlines  of  the  foniminifera  in  which  it  was 
enclosed.  Beautiful  crozier-ahajx^d  forms,  recalling  species 
of  Haplophraymiumy  are  fairly  common,  but  the  most 
numerous  types  are  those  reciilling  species  of  Bvlimwa, 
especially  B,  inriabilis,  and  B.  pupoiile^.  Species  of 
Cristellaria  having  the  pyramidal  terminal  chambers  such 
as  are  found  in  C,  gibba  were  also  frequently  observed. 

(c)  Tlie  delicate  silicified  tests  of  Foraminifera  are  also  numerous, 
mostly  with  single  chambers,  but  in  one  case  a  perfect 
specimen  of  Gaudryina  pupoideSy  showing  the  primary 
triserial  arrattigement,  and  subsequent  biserial  succession  Lb 
beautifully  preserved. 
4219.  T 
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(d)  An  interesting  featm^e  is  the  presence  of  a  number  of  large 
grains  of  Rutile,  showing  crj'stal  forms,  the  prism  l)eing  in 
a  few  Ciisas  clearly  capped  by  pyramidal  faces  of  a  different 
order.  Some  of  the  prismatic  faces  are  strongly  striated 
parallel  to  the  vertical  axis.  Owing  to  the  thickness  of  the 
[  fragments,  it  is  difficult  to  determine  the  exact  pleochroism, 

but  changes  from  yellow  to  reddish-brown   have    l)een  ob- 
served in  the  grains. 

3.  Residue  between  25  to  5  mm.  diameter.  This  ditfera  from 
the  above  in  the  greater  abundance  of  delicately  silicitied  tests  of 
Foraminifera,  mostly  broken,  and  often  still  filled  with  glaiiconite. 
Some  of  the  glauconitic  exists  are  well  preserved,  the  biserial 
character  of  Textularia  and  the  spiral  arrangement  of  Buli- 
mina  l^eing  well  illustrated  by  the  examples  obtained.  The  smaller 
varieties  of  the  former  have  the  casts  of  the  chamliers  standing  out 
as  rectangular  projections,  branching  alternately  from  opposite  sides 
of  a  common  stem  of  extreme  thinness  ;  in  the  latter  the  stem  is  flat- 
tened, the  projecting  ix)rtions  arising  from  it  after  the  manner  of 
young  leaves  near  the  apex  of  a  growing  plant. 

4.  The  lightest  material  differs  but  little  from  the  above,  but  a 
number  of  heavy  minerals  were  obtained  by  means  of  borotung- 
state  of  cadmium.  These  included  numerous  irregular  deep  red- 
brown  and  led  fragments  of  Rutile,  Tourmaline  in  good  crystals, 
the  prisma  being  i^erfect,  and  capped  by  rhombohedral  termin- 
ations. In  the  latter,  as  usual,  the  absorpti(  n  for  the  ordinary 
ray  is  very  great ;  cleavage  is  well  seen,  espec'ially  in  the  bluish- 
grey  varieties.  Zircx)n  is  rare,  two  or  three  crystals  having  doubly 
pyramidal  terminations  were  seen.  In  these  the  zoning  is  well 
showTi,  and  the  p}  ramidal  terminati(  ns  are  very  acute.  In  one 
case  the  simple  tetragonal  pyramid,  without  prism  faces,  was 
observed.     Annular  microlites  occur  as  inclusions. 

The  noticeable  fciitures  in  C(  miection  with  this  bed  are  therefore: 
The  predom  nuncB  of  the  coarser  residue  over  the  more  clayey  con- 
stituent's, in  this  respect  differing  markedly  from  corresponding 
strata  f\u*ther  to  the  east ;  the  extreme  tenuity  of  the  siliceous  tests 
of  the  Foraminifera  ;  the  delicate  pi-eser vatic  n  of  the  glauconitic 
casts  ;  and  the  abundance,  variety,  and  size  of  the  lieavier  minerals. 
The  results  of  these  two  analyses  are  tabulated  on  p.  293,  with 
the  chalks  of  this  zone. 

C.  The  Marls  and  Chalks  of  the  Am.  varians  Zone. 
Macroscopic  Aspect  of  the  Bock. 

The  colour  and  af»pect  of  these  beds  vary  according  to  the 
locality"  and  the  horizon  from  which  they  come,  these  variations 
being  due  partly  to  the  difference  in  the  nature  of  the  deposit 
and  partly  to  ci  cuinstances  not  connected  with  its  depositicn. 
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From  Mupe  Bay,  South  Doi-set,  to  Kent,  the  lowest  bedu  are  a 
bluish  or  brownish  gi*ey,  passing  upward  to  a  jiale  grey  at  the 
summit  of  the  zone.  In  North  Dorset  the  lowest  beds  are  pale  grey, 
the  higher  ones  almost  white,  but  as  one  i)roceeds  along  the  northern 
outcrop  to  the  north-east  in  Wiltshire,  Berkshire,  and  Oxfordshire 
they  pass  to  a  bluish  grey,  the  upper  part  being  of  a  lighter  grey 
colour.  This  continues  through  Buckingham,  but  in  Bedfordshire 
the  marl  immediately  above  the  Cambridge  Greensand  is  aga'n 
pale  grey,  the  centre  dark  grey,  passing  to  greyish-white  at  tie 
simimiit.  Still  further  east  the  colour  graduaUy  dies  away,  and  the 
equivalent  to  the  Clialk  Marl  of  the  more  eastern  counties  is  a  roc*k 
nearly  white  in  colour.  This  c(;ntinue«  through  L'nc<^lnshire  and 
and  Vorkshin*,  till  at  Sjxeton  the  lowest  bed  is  aga  n  grey. 

Examples  of  the  Chalk  at  Mupe  Ikiy  or  Lulworth  are  hard  and 
semi-crystalline,  the  rock  be  ng  indurated  with  calcite  ;  in  North 
Dorset  it  is  a  softish  marly  chalk.  Alternating  beds  of  marl  and 
soft  chalk  occur  in  this  division  in  the  Me  of  Wight,  Wiltshire, 
Berkshire,  Oxfordshire,  and  Buckinghamshire.  To  the  northward 
through  thecounties  of  Itedford  jnd  Cambridge  it  is  a  soft  marl,  break- 
ing dowTi  rapidly  under  the  iiiHucnc^  of  weather  to  a  marly  clay. 
These  conditions  die  away  gradually  to  the  east- ward,  till  in  North- 
west Norfolk  it  is  a  compact  hard  chalk,  a  c(  iiditic  n  which  C(  ntini  es 
through  Lincolnshire  jind  Yorkshire,  but  as  <  lie  progresses 
through  these  two  latter  counties  the  Chalk  Marl  is  not  a  smooth 
limestone  but  rough,  nodular,  and  veiny,  and  being  usually 
thoroughly  indurated  by  c^ilcite  it  forms  a  \ei  y  1  ard  tough  reck. 

fyocal  variations,  such  as  the  siliceous  Ijeds  of  Wiltshire  and 
Berkshire  and  the  Marl  Rock  of  Bucks,  will  be  noticed  in  due 
course. 

Microscopic  Aspect  of  Thin  Sections. 

Viewed  'n  thn  sectic  n^  with  m  objective  of  two-thirds  of  an 
inch  focus,  the  ehalk  of  this  zcne  Lj«  seui  to  ccnsist  of  a  tine  cal- 
CAreo-siliceous  groi  nd  mass,  the  C(  nstitutic  n  of  which  is  mere  par- 
ticularly descril)ed  (  n  p.  200,  *  nd  in  this  are  scattered  mineral  grains 
and  gran-i  of  glauconite,  with  lAiramnifera,  shell-fragments,  and 
other  recopnu*able  oigj  nic  nmterials.  The  pr()jx)rti( ns  of  these 
ingredients  vary  greatly  n  <litiVrtut  Inmlities  and  at  difftni  o 
horizons  in  the  zone*. 

The  followin;/  is  a  g(  n  mji!  (Irsrri[>ti«  n  of  the  had  ng  features  sexu 
in  a  sc»ries  of  tiiin  slicos  of  tiie  ciialk  of  the  Z(  ne  of  -\.  rariuvs  from 
various  horiz<  n^,  pn»gress'u;i  from  wi\st  to  e.ist. 

r)on<ef.-A\\  s|)(»cini(n^  from  Dorset  (m  nta  n  a  large  ])roportion 
of  recognisiible  orgi.nic  fragments.  These  C(  nsist  of  comminuted 
shell-fragments,  with  a  ccmrser  piece  h(  re  and  there.  The  gi-eater 
part  of  them  c;  n  ginerally  l)e  idcnhtied  a.s  prisms  of  Inoceramus 
shells,  1  ut  mmy  are  douhtloKs  (leri\Td  from  other  species  of 
MoUusca.  *  Spheres"  are  very  abundant  n  some  examples,  while 
others  (as  at  Batcombe)  c(  ntan  comparatively  few. 
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Mineral  grains  are  more  abundant  in  South  Dorset  tlian  in 
Noi-th  Dorset.  Glauconite  is  always  present  in  smallish  grains, 
which  are  more  abundant  in  the  lower  than  in  the  higher  Ijeds. 
Spcn^e-spicules,  thin  and  threadlike,  are  seen  most  commonly  in 
the  hard  lumi»  which  occur  all  through  the  Am.  variant  zone  of  this 
county.  The  specimen  20  feet  above  the  top  of  the  Chloritic  Marl, 
Mupe  Bay  (10),  may  be  taken  as  a  type.  In  this  "  spheres  "  are  very 
numerous,  and  occupy  about  40  per  cent  of  the  area  of  the  section, 
shell-fragments  make  about  10  per  cent.  Glauconite  occura  in  excep- 
tion illy  large  grains,  and  these,  with  fragments  of  quartz,  show  in 
fltron;^  relief.  The  area  occupied  by  Foraminifera  is  insignificant. 
Sponge-spicules  do  not  occiu*  in  this  specimen. 

The  specimen  from  Dogbury  Hill  (Ceme,  North  Dorset),  6 J  feet 
aljove  the  Chloritic  Marl,  (11)  difiers  little  from  the  above,  except 
in  the  amount  of  mineral  grains  and  glauconite,  the  former  being 
comparatively  rare,  while  the  latter  are  much  smaller. 

Isle  of  Wight.— The  lower  beds  of  this  zone  in  the  Isle  of  Wight 
are  crowded  with  shell-fragments.  (See  Plate  IV.,  Fip;.  1.)  In  a 
specimen  from  10  feet  above  the  Chloritic  Marl  at  Compton 
Bay  (12)  they  may  be  estimated  at  50  per  cent,  of  the  rock. 
Spheres  are  common ;  grains  of  glauconite  are  rather  large  and* 
conspicuous,  though  widely  separated.  Mineral  grains  are  not 
abun.lant.  Sponge-spicules  are  present,  but  are  not  of  frequent 
occurrence.  There  are  more  Foraminifera  to  be  seen  than  in 
Dorset  specimens,  but  they  form  a  very  small  part  of  the  rock ; 
they  appear  to  l)e  chiefly  arenaceoiLS  forma.  One  or  two 
Textularia  can  be  recognised,  but  (HMgerina  is  rare. 

At  Culver  Cliff,  10  feet  above  the  Chloritic  Marl,  shell-fragments 
are  still  more  abundant,  and  form  alx)ut  75  per  cent,  of  the  rock. 
The  fragments  are  nearly  all  prisms  of  Inoceramus,  and  appear  to 
have  been  rolled.  Glauconite  is  abundant,  estimated  at  10  per 
cent.,  mineral  grains  rare,  "spheres'*  seem  crowded  out,  a  few 
large  Foraminifera,  and  here  and  there  a  sponge-spicule  occurs. 

A  specimen  from  the  upper  part  of  this  zone  at  Culver  (^iff 
presents  a  strange  contrast:  it  contains  scarcely  a  single  shell- 
fragment,  and,  with  one  exception,  such  as  do  occur  are  minute. 
"  Spheres,"  on  the  other  hand,  are  abundant,  jind  form  at  least 
half  the  rock.  There  are  a  few  minute  grains  of  glauconite  widely 
separated,  but  not  a  mineral  grain  is  discernible.  Sponge-spicules 
are  not  visible  in  the  sections  examined,  but  occur  in  the  residues. 

Sussex  and  Kent.— A  specimen  from  the  up})er  part  of  the  zone 
at  Eastbourne  shows  the  rock  to  be  very  full  of  "spheres,"  with  a 
few  large  Globigerince,  but  scarceh'  any  shell-fragments. 

In  the  specimen  from  East  Wear  Bay,  near  DoAer,  10  feet  above 
the  Chloritic  Marl  (15),  shell-fragments  of  irregular  size  form 
perhaps  20  per  cent,  of  the  deposit ;  mineral  grains  are  common, 
scattered  irregularly  through  the  mass.  "  Spheres  ''  seem  absent, 
^d  few  Foraminifera  other  than  arenaceous  forms,  whose  outline 
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can  be  traced  here  and  there,  are  to  be  seen,    lliere  is  a  large 
admixture  of  inorganic  matter. 

Another  taken  from  above  the  "  Cast  Bed  '*  (16)  exhibits  little  else 
than  fine  amorphous  material,  with  very  finely  comminuted  shell- 
fragments  and  minute  mineral  grains  scattered  through  it. 
**  Spheres  "are  again  absent ;  one  or  two  arenaceous  Foraminifera  can 
be  seen  in  outline,  but  no  others. 

Wiltshire  and  Berkshire.— All  specimens  from  the  zone  of  Am. 
varians  in  these  counties  contain  a  large  proportion  of  finely  com- 
minuted shell-fragments  ;  they  are  small  and  of  an  even  size,  and 
form  not  less  than  40  per  cent,  of  the  rock,  and  occasionally  more. 
The  chief  feature  is  the  presence  of  thread-like  sponge-spicules,  which 
are  common  and  often  abundant,  especially  in  the  harder  examples ; 
but  another  featm*e  is  the  comparative  rarity  of  **  spheres."  These 
occur  sparingly  in  a  few  examples  near  the  top  of  the  zone,  but  in 
the  majority  of  cases  are  rare.  Mineral  grains  are  present  in  all 
specimens,  their  size  and  shape  corresponding  to  that  of  shell-frag- 
ments ;  they  are  not  well  seen  imtil  a  section  is  viewed  with  crossed 
Nicols.  The  grains  are  distinctly  more  niunerous  than  in  the  marl 
of  North  Dorset.  In  specimens  from  the  lower  beds  the  presence 
of  fine  siUceous  inorganic  material  is  evident. 

Two  samples  taken  from  the  railway  cutting  by  Upton  Scuda- 
more,  near  Warminster  (see  p.  152)  showed  exceptional  characters. 
The  exposure  is  probably  from  50  to  60  feet  above  the  base  of  the 
zone  ;  the  one  was  a  hard  grey  chalk,  the  other  a  tough  brownish- 
grey  sandy  chalk.  The  first  proved  to  be  full  of  recognisable 
organisms  and  organic  (Ubris,  such  as  Foraminifera,  shell-frag- 
ments, spheres,  sponge-spicules,  a  few  Badiolaria,  and  many  grains 
of  glauconite  and  quartz.  The  coarser  ingredients  appaj'ently 
make  up  nearly  60  per  cent,  of  this  rock.  There  is  no  globular 
colloid  silica,  but  unaltered  siliceous  sponge-spicules  are  common. 
The  matrix  too  is  very  full  of  definite  calcitic  crystals.  The  other 
sample  is  really  a  sandy  chalk,  and  contains  a  considerable 
quantity  of  fine  quartz-sand  mixed  with  a  few  angular  shell-frag- 
ments and  a  very  few  Foraminifera.  The  percentage  of  fine 
inorganic  material  in  this  l^ed  must  be  large. 

In  North  Wilts  and  through  Berkshire  beds  of  a  peculiar  siliceous 
chalk  occm*  at  various  horizons.  These  contain  besides  the  ordinary 
ingredients  of  the  zone  a  certiiin  amount  of  organic  silica,  partly 
in  the  form  of  sponge  spicules,  and  partly  as  globules  or  discs  Uke 
those  which  occur  in  the  Malmstone.  (See  Vol.  I.  of  this  memoir.) 
The  beds  in  which  this  colloid  silica  occurs  are  generally  harder 
than  the  rest,  and  are  sometimes  very  hard  and  compact.  These 
siHceous  beds  appear  to  be  loc^il  and  to  form  lenticular  masses  which 
occur  at  difterent  horizons  and  at  different  plac^.  It  is  notice- 
able, too,  thiit  those  beds  which  are  less  siliceous  are  more  purely 
calcareous  than  the  generality  of  chalk  of  this  zone  elsewhere.    Tlie 
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Bpon[^e-8  pic  (ilea  are  usually  pi-eaent  rftliei-  in  a  ailiceous  condition 
or  as  calcite  casta. 

So  thoroughly  indurat«l  are  theae  Ijeds  with  organic  silica  that 
when  a  fragment  of  the  rock  is  ti-eated  with  hydrochloiic  acid  it  does 
not  fall  to  powder,  hut  ia  held  together  hy  a  network  or  mesh  of 
silica.  These  beds  have  heen  previously  de»crilied  by  ns,  and  to 
that  account  the  cesider  mav  be  refeiTed.  *    . 


Fio.  ."ift— Structure  of  Siliceoiw  C'lialk  from  Collingboum  KingHtOR  In 
WiltHJure.    (From  the  outside  of  «  noiiule.) 

Ths  tiruuiia  niui  l<  putly  >  nne  calcanoiu  mini,  «iil  pantjr  MlobuUr  liltci,  Uid  latter 
be^ngDigatslmndnntln  the  upper  put  ofthe  tliite,  ItLncJiida;  aa  qn^nr.gnim  ;  U 
gliiicuDltc  Kn\at :  cc  ilieLrfTiienisnta :  dd  lavttiM  Hllsd  vlih  illtci  which  li  putir 
coUctld  And  pullj  cryBtftLlhifi  ;   m  apunge-iptcula  replftc«d  bj  ctiAlcedoDic  stllo.     (t  fiO 

Oxfordshire  and  Biickiiigkamsliire.— 'Examples  of  this  zone 
coming  from  Chiltou  in  Berks  and  from  0."iford8hire  [Jresent 
uniform  characters  according  to  the  horizon  from  which  they  were 
taken.  Finely  comminuted  ahell-fragmenta  form  from  25  to  50 
par  cent,  of  the  material.  "Spheres"  are  rare  on  the  whole, 
hut  are  more  numerous  in  the  upper  part  of  the  zone;  Fiflnmin- 
ifera  occur  very  sparingly.  Sponge-spicules  of  the  usual  thin  and 
thread  like  chaiiicter  are  to  be  seen  in  the  O'hilton  examples.  Small 
grains  of  glauconite  occur  in  all,  hut  are  not  ahundjtnt.  Mineral 
grains  are  evenly  distributed  through  the  deposit ;  they  are  larger 
and  more  numerous  near  the  base,    where   much   fine   inorganic 

•  The  Occurrence  of  Collojil  Silica  in  the  Lower  Chalk  of  Berkshire  aod 
Wiltshire,  Quart.  Journ.  Geol.  Soc.,  Vol.  ilv.  p.  403,  1899. 
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matter  is  also  present.  The  higher  beds,  as  usual,  are  the  most 
calcareous ;  the  mineral  grains  become  smaller  and  the  proportion 
of  inorganic  matter  less  as  one  progresses  from  the  base  to  the 
summit  of  the  zcme. 

Mineral  grains  which,  judging  from  thin  sections,  reach  their  maxi- 
mum in  size  and  quantity  l>et^\een  Wantiige  and  Tri.ug  are  more 
abundant  in  the  lower  than  in  the  higher  part.  They  are  never 
very  large,  and  do  not  approach  the  size  of  the  mineral  grains  of 
South  Dorset.  So  far  as  can  be  measured  in  the  sections  the  dimen- 
sions do  not  exceed  25  nun.  in  the  longest  diameter,  though  they 
probably  exceed  this. 

In  Buckinghamshire  and  extending  westward  also  into  Oxford- 
shire is  a  ]yed  of  hard  compact  limestone  in  the  middle  of  this  division. 
It  does  not  difi'er  nuich  from  the  l)eds  al)ove  and  below  it  in  general 
structure,  but  the  usual  ingredients  are  now  inclosed  in  a  matrix 
of  granular  crystalline  calcite  which  binds  the  whole  into  a  com- 
pact limestone  (see  p.  2i)2).  ThLs  change  has  doubtless  been 
accomplished  b\'  the  aid  of  percolating  wat<»r  saturated  with 
calcic  carbonate,  for  the  "  Marl  Ro(?k,"  as  it  may  be  termed,  is 
the  source  of  a  continuous  line  of  springs,  the  water  l>ehig  thrown 
out  by  a  l)ed  of  argilkceous  marl  beneath. 

Bedfordshire  and  Cambridgeshire,  — Wv  liave  no  information  of 
the  composition  of  the  lower  beds  of  this  zone  in  the  wTstern  part 
of  Bedfordshire.  The  upf)er  35  feet  is  well  exi)08ed  in  a  cutting  of 
the  Midland  Railway  at  (^liarlton,  three  miles  etist  of  Dunstable. 
The  portion  seen  heie  is  a  dark  grey  marl  containing  a  consider- 
able quantity  of  fine  sand,  the  grains  of  which  are  smaller  than 
those  of  Buckinghamshire ;  so  fine,  indeed,  are  they  that  it  is 
almost  impossible  to  sepirate  them  from  the  amorphous  matter  by 
levigation.  It  passes  up  into  a  })jiler  grey  calcareous  marl,  in  which 
there  is  a  decided  decrease  in  the  amount  of  sand-grains  and  fine 
inorganic  matter.  Shell-fragments  are  fairly  numerous ;  many  are 
too  small  for  identification,  but  the  larger  pieces  are  nearly  all  prisma 
of  InoceramuSy  though  here  and  there  ))lates  or  spines  of 
echinoderms  may  be  recogniswl.  Foraniinifera  are  sparingly 
distributed  through  the  deposit.     (See  Plate  IV.,  Fig.  2.) 

At  Arlsey,  in  the  north-east  corner  of  the  county,  the  lowest  beds 
are  exposed ;  the  aspect  of  the  marl  in  a  specimen  10  feet  above  the 
Cambridge  Greensand  (17)  reminds  one  of  that  of  North  Dorset. 
**  Spheres  "  regain  theii'  premier  place,  and  with  shell-fragments 
(/noceramus-prisms)  of  irregulai-  size  form  nearly  half  the  rock. 
A  few  Forammifera  an  1  here  an  1  there  a  min?ral  cr  glauccnitic 
grain  of  small  size  constitute  the  recognisable  elements  embedded 
in  the  amorphous  matrix,  which  in  this  locality  anl  at  this  horizon 
lis  largely  calcareous. 

But  nearer  the  summit  of  the  zone,  30  feet  l)elow^  the  Tottemhoe 
Ston3  (18),  the  material  is  nearly  identical  with  that  seen  in  C!harlton 
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cutting,  the  recognisable  ingredients  being  small  shell-fragments, 
a  few  **  spheres  *"  and  Foraminifera,  and  much  fine  sand  and  argil- 
laceous matter,  the  sand  grains  being  smaller  than  at  Charlton. 
As  at  Charlton,  the  marl  passes  rapidly  up  to  a  more  calcareous 
deposit  wdth  fewer  but  larger  shell-fragments  and  a  greater  abxind- 
ance  of "  spheres." 

Glauconite  occurs  in  all  specimens,  but  the  grains  are  small  and 
widely  separate.  Sponge-spicules  are  not  infrequently  seen,  but 
are  nowhere  abundant. 

Passing  into  Cambridgeshire  we  find  at  Harrington  10  feet 
above  the  Cambridge  Greensand  a  deposit  very  similar  to  that 
at  Arlsey.  Specimens  from  higher  horizons  show  that  as  we  pass 
upwards  the  marl  loses  its  sandy  and  siliceous  character, 
mineral  grains  become  smaller  and  rarer, "  spheres  "  more  numerous 
and  shell-fragments  more  irregular  in  size.  Nearer  Cambridge  the 
same  phases  occur. 

Norfolk  and  Suffolk,— In  North-west  Suffolk  and  in  the  south- 
east comer  of  Norfolk  (Stoke  Ferry,  Shouldham,  &c.),  the  amount 
of  fine  siliceous  inorganic  material  is  hardly  appreciable  to  the  eye, 
and  sand  grains  are  i-are.  In  the  majority  of  examples  from  the 
lower  two-thirds  of  this  zone  fine  amorphous  calcareous  material 
constitutes  75  per  cent,  of  the  deposit ; "  spheres,"  shell-fragments  of 
irregular  size,  neither  in  exceptional  abimdance,  a  few  Forammifera 
and  minute  sand  grains  form  the  remainder.  In  the  upper  part 
of  the  zone  shell-fragments  and  spheres  are  more  numerous.       ^j^ 

In  North-wast  Norfolk  (Dersingham,  Snettisham,  Heccham)  the 
structure  of  the  marl  becomes  more  irregular  in  its  upper  part. 
"  Spheres  "  are  common  though  not  abundant,  and  many  prLsms 
of  Inoceramus  shells  occur  in  all  examples.  Gldyigerinw  and  a  few 
other  Foraminifera  occur,  but  they  still  form  a  very  small  part  of  the 
deposit.  In  several  slides  there  are  fragments  of  Hexactinellid 
sponge-mesh,  the  silica  of  the  spicular  walls  l^eing  replaced  by 
calcite. 

The  lateral  passage  from  a  marl  to  a  chalk  culminates  at  Hun- 
stanton. Here  the  successive  portions  of  the  zone  exhibit  well- 
marked  differences  of  structure,  viz.,  the  "  Sj^onge  Bed,"  the  **  In  )ce- 
ramus  Bed,"  and  the  white  hard  IxkLs  which  lie  between  this  last 
named  an  I  the  Tottemhoe  Stone. 

Of  the  Sponge  Bed  (20)  rather  more  than  half  consists  of  f.ne 
amorphous  material,  once  probably  a  tine  calc^iroous  mud,  but  now 
in  a  coniition  of  finely  granular  crystalline  calcite.  **  Spheres  ** 
are  abundant  at  the  btise  of  the  l)ed,  less  so  towards  the  top.  Fora- 
minifera, though  not  numeroiLs,  are  well  shown  in  outline,  and 
amongst  them  the  form  of  a  (ilobigerina  is  prominent.  These  with 
the  cells  and  "  spheres  '*  form  about  30  per  cent,  of  the  deposit. 
Shell-fragments  scattered  through  the  mass  form  perhaps  10  per 
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cent,  of  it.  Here  and  there  are  large  quartz  grains  perhaps 
derived  from  the  underlying  Red  Chalk;  glauconite  is  rare.  A 
single  rod-Uke  sponge  spicule  and  a  fragment  of  Hexactinellid 
mesh  is  seen  in  one  of  the  sUdes. 

The  Inoceramus-Bed  (21)  is  practically  a  shell-sand,  consisting 
chiefly  of  Inoceramus-prisms  (entire  or  broken)  with  fragments  of 
the  shell  itself  showing  the  prismatic  structure.  Foraminifera  are 
common ;  Globigerina,  Textul^trioy  and  various  forms  of  Rot<ilina 
can  be  distinguished.  Small  grains  of  glauconite  are  present,  and 
this  mineral  can  be  seen  infilling  the  tests  of  the  Foraminifera. 
The  whole  is  cemented  by  fine  granular  crystalline  calcite. 

A  slide  of  the  Chalk  midwa\'  between  the  Inoceramus  Bed  and 
the  Totternhoe  Stone  (22)  shows  the  coai*se  ingi'edients  of  the  rocsk 
to  be  "  spheres,"  with  which  are  numerous  Foraminifera.  Many  of 
the  latter  are  probably  arenaceous  forms,  but  Globigerina  can  lie 
recognised,  and  somewhat  coarse  shell-fragments  are  conspicuous. 
The  actual  area  occupied  by  recognisable  organisms  is  not  more 
than  25  per  cent,  of  the  whole  rock.  The  shell-fragments  occur 
very  irregularly  or  in  patches,  some  parts  of  the  sections  l^eing  full 
of  them,  in  other  parts  they  are  absent.  No  glauconite  or  other 
mineral  grains  are  visible  in  the  slides. 

Lincolnsliire  and  Yorkshire.— The  aspect  of  thin  sections  from 
the  Am.  varians  zone  in  these  counties  is  similar  to  that  of  Hunstan- 
ton. In  general  aspect  the  Sponge  Bed  continues  nearly  the  same 
through  Lincolnsliire,  but  in  Yorkshire  it  becomes  inseparable  from 
the  Red  Chalk.  The  Inoceramus-Bed  can  be  followed  through 
Lincolnshire  and  Yorkshire ;  the  specimens  examined  differ  but 
little  from  that  of  Hmistanton,  except  perhaps  that  the 
shell-fragments  are  more  irregular  in  their  distribution  and  even 
coarser  in  the  more  northern  examples. 

In  the  higher  beds  shell-fragments  show  the  same  curious 
irregularity,  occurring  either  in  patches  or  in  thin  veins  which 
may  extend  across  a  tliin  section  of  the  rock.  Nearly  all  may  be 
referred  to  Inoceramus-shell.  Of  the  Foraminifera  Glcingerinm 
are  sufficiently  common  to  form  a  distinctive  feature,  species  of 
Textxdaria  and  Rotalina  are  not  of  infrequent  occurrence,  while  a 
coiled  test  (probably  Ammodiscm)  can  \ye  often  made  out.  The 
proportion  of  Foraminifera  to  the  mass  of  the  rock  continues  to  be 
very  small. 

In  many  specimens  from  Yorkshire  and  Lincolnshire,  and  in  a 
few  from  North-west  Norfolk,  there  occur  ill-defined  spheres  which 
bf^ar  a  strong  resemblance  to  the  tests  of  Radiolaria,  but  their  cha- 
racters are  so  much  obliterated  that  it  is  not  ix)ssible  to  speak  posi- 
tively. The  most  abundant  form  is  similar  to  that  figured  in 
Q.J.G.S.  Vol.  li.  Plate  xxii.,  Fig.  1.  Sponge-spicules  are  of  rare 
occurrence. 
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It  only  remains  to  record  the  lower  beds  of  this  zone  at  Speeton 
(See  p.  230  ).  In  that  immediately  overlying  the  Red  Chalk  (23) 
fine  inorganic  sediment  again  appears  to  \ye  mixed  with  the  cal- 
careous mud,  and  is  accompanied  by  fine  sand.  "Spheres"  are 
still  abiuidant,  Foraminifera  oc^cur,  and  are  chiefiy  (thMgc.rinw 
with  a  few  species  of  Textularui  and  RotaJimi.  Shell-fi*agments 
are  rare.  Glauconite  seems  absent.  The  bed  passes  up  into  normal 
Chalk-Marl  of  the  Yorkshire  type  which,  though  stained  a  deep 
i*ed,  difi'ei-s  in  no  other  way  from  the  ordinary  rock  at  this 
horizon.  Above  this  the  marl  becomes  shelly,  (25)  and  for  8  or 
10  feet  w^Tw  coarse  shell-fragments  abound,  e«|)ecially  in  the 
material  which  surrounds  the  nodule- like  masses  in  the  bed.  This 
c-ondition  gradually  passes  away  upward,  and  the  desjiosit  again 
assumes  its  normal  chaiacter,  and  consists  largely  of  fine  amor- 
phous matter  with  a  few  **  spheres,*'  (Udnqerm4^F  or  other  Fora- 
minifer.i  with  shell-f ragmen ts  of  irregular  size. 

Examination  of  the  Washings. 

Under  this  heading  we  give  a  description  of  the  chief  features 
of  the  coarser  materials  obtained  by  washing  the  vai'ious  speci- 
mens, including  the  Foraminifera  obtained  from  the  coarser  residues 
after  the  action  o:  the  acid  solution. 

Little  information  could  be  obtain3d  by  this  means  from  the 
hard  indurated  chalk-marls  of  the  West  of  England  or  the  hard 
chalk  of  this  zone  in  Lincolnshire  and  Yorkshire,  but  from  the 
softer  marls  of  Kent,  those  of  Charlton  and  Arlsey,  in  Bedford- 
shire, and  that  from  Barringtoii,  in  Cambridgeshire,  better  results 
were  obtained.  The  coarsei*  organic  ingredients  were  practically 
the  same  in  all  localities,  though  they  differed  slightly  in  the  relative 
abundance  of  the  various  organisms.  The  follo\\4ng  remarks 
refer  especially  to  those  softer  l>eds,  unless  other  localities  are  men 
tioned. 

Shell- fragments.^These  were  chiefly  prisms  of  Inoceramus- 
s'i3ll,  or  larger  fragments  showing  the  prismatic  structure ;  here 
ani  there  a  bit  of  Peclen,  RkyncJmneUa,  Ostrea,  or  Plixxitulu  could 
be  detected.  Small  Echinoderm  spinBs  occurred  in  them  all,  but 
were  most  numerous  in  the  marl  from  Harrington,  Cambridgeshire, 
ten  feet  above  the  Cambridge  Greensand.  They  may  be  referred 
to  Hemmster  or  PseucUxiiadema.  Fragments  of  Bryozoa  are  also 
fairly  numerous. 

Sponge  Spicules.— The  spicular  remains  of  sponges,  are  never 
very  numerous  except  in  the  beds  referred  to  on  p.  279.  Ilexactinellid 
mesh,  with  both  Tetractinellid  and  Monactinellid  spicules  occur 
in  the  marls  of  S3uth  Dorset,  and  the  Isle  of  Wight,  (Compton  Bay). 
Between  the  West  of  England  and  north  Norfolk  spicules 
are  comparatively  rare,  though  in  the  lower  part  of  the  Marl  at 
Dover  both  Tetractinellid  and  MonactinelUd  spicules  occur.    Rods 
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of  glauconite  which  are  probably  casts  of  spicular  canals  are  some- 
tunes  common.  Dr.  Bume*  has  recognised  a  single  Lithistid 
spicule  in  the  Chalk-Marl  of  Culver  Cliff,  Isle  of  Wight,  and  liere 
the  Hexactinellid(E  are  represented  also. 

Hexacfinellid  mesh  occui*s  again  in  the  Chalk-Marl  of  Norfolk 
and  in  the  Sponge  Bed  of  Hunstanton,  and  single  spicules  (of  un- 
certain affinities)  are  also  to  be  seen  in  thin  sections  of  this  rock. 
Here,  however,  the  siliceous  wall  of  the  spicule  is  replaced  by  cal- 
cite.  None  occur  either  in  washings  or  i-esiduee.  In  the  Chalk 
Marl  just  above  the  (Cambridge  (Jreensand  at  Arlesey  several  frag- 
ments of  Hexactinellid  mesh  occurred,  the  silica  either  replaced 
by  or  coated  with  limonite. 

Coprolites— The  chalk  of  Mupe  Bay,  up  to  20  feet  above  the  top  of 
the  glauconitic  marl,  contains  minute  phosphates  of  various  shapes. 
They  are  not  very  numerous.  Some  are  elongated  cylinders  with 
annalar  rin^like  markings  ;  these  ai*e  now  regarded  as  the  excreta 
of  fishes ;  others,  shaped  something  Uke  an  acorn,  remind  one 
of  the  larger  examples  found  in  the  Grey  or  Middle  Chalk ;  others 
again  are  small  ovoid  bodies.  The  last  occur  in  almost  all 
marls.    Fish  teeth  and  scales  are  rare. 

Clear,  round,  reddish-brown  grains  occur  in  nearly  all  specimens 
near  the  base  of  the  Marl,  but  are  less  common  at  the  summit. 
They  are  referred  to  by  Dr.  Hume,f  who  says : "  M.  Laxne  has  carried 
out  some  analyses  which  lead  him  to  the  conclusion  that  these  were 
probably  glauconite,  and  that  the  color  is  due  to  alteration,  a 
view  which  would  also  he  strengthened  by  the  similarity  of  occur- 
rence in  both  cases."  The  external  appearance  of  these  grains  is 
smooth  and  glassy ;  in  the  chalk  of  Mupe  Bay  similar  material 
occurred  in  elongate  form  with  a  central  constriction.  Earely 
grains  of  similar  shape,  white  and  glassy  or  with  sHght  cloudiness, 
were  observed. 

Forammi/era.— Including  seven  species  already  recorded  from 
the  Chalk  Marl  of  Folkestone  by  Mr.  Chapman  J,  the  total  number 
obtained  from  this  zone  is  116.  A  list  of  these  species  and  their 
distribution  will  be  found  on  p.  329.  lliey  were  identified  by  Mr. 
Chapman,  an  1  according  to  Dr.  Brady's  classification  belong  to 
the  following  genera  and  families  :  — 


*  Chemical  and  Micro-Mineralogical  Researches  on  the  Upper  Cretaceous 
Zones,  by  W.  T.  Hume,  p.  21. 

t  Hume,  op.  cit^  p.  24. 

X  Tlie  Forarninifera  of  the  Gault  of  Folkestone,  Journ.  Roy.  Mic  Soc. 
(1898),  pa^e  40, 


286 


rllE  CRETACEOUS  ROCK.S  Of  imiTAW. 


FtoOl/. 

Genera. 

No.  of 

SfMOlOI. 

Miliolidse     - 

Nubecularia 

2 

Both  new  species. 

Spiroloculina  - 

2 

Miliolina- 

2 

One  new  species. 

Astrorhizidae 

Rhizanuuina  - 

2 

One    „        „ 

Lituolidse    - 

Reophax 

5 

One    „        „ 

Haplophragmiutn  - 

8 

One    „        „ 

Ammodiscus  - 

4 

One    „        „ 

Trochammina- 

2 

One    „        „ 

Textulariidse 

Textiilaria 

10 

One  distorted. 

Vemeuilina    - 

1 

Tritaxia  - 

2 

Spiroplecta     . 

2 

Gaudryina     • 

6 

One  new  species. 

Bulimina 

12 

Bolivina  -        -        - 

1 

PleuroBtomella 

2 

One  new  species. 

Ligenidse    - 

Lagena  -        -       - 

2 

Nodosaria 

12 

Froadicularia 

3 

Flabellina       -       - 

1 

Rhabdogoniutn 

3 

* 

Marginulina  - 

5 

Vaginulina     - 

4 

Cristellaria     - 

8 

One  new  species. 

•  1 

Polymorphina 

5 

Bamulina 

2 

Qlobiis^eriaidse     - 

Qlobigerina    - 

2 

Rotaliidaj    - 

Discorbina     - 

1 

1; 

Anoinalina 

2 

Trimcatulina- 

1 

Rotalia   -        -        - 

2 

Of  the  IIG  species  which  have  been  obtained  eighty-eight  are 
recorded  by  Mr.  Chapman  as  occun'ing  in  the  Gault,  sixteen  do 
not  occur  in  that  deposit,  and  twelve  are  new.  The  greatest  number 
of  species  came  from  the  soft  marls  of  Folkestone  and  the  Midland 
counties  (Bedfordshire  and  Cambridgeshire),  for  little  was  done 
by  washing  the  specimens  of  the  indurated  rocks  of  Dorset,  the 
Isle  of  Wight,  Norfolk,  Lincolnshire,  and  Yorkshire,  so  that  our 
knowledge  of  the  Foraminifera  of  these  districts  is  confined  to 
the  acid  residues.  These,  however,  gave  some  remarkable  results, 
for  it  was  clearly  shown  that  from  North-west  Norfolk  to  Speeton 
the  arenaceous  Foraminifera  were  of  different  character  to  those 
contained  in  this  zone  in  the  south. 


The  characteristic  foruLS  of  this  zone  in  Nortli-we«t  Norfolk, 
Liucolnihire,  and  Yorkshire  were  Amvwdiscus  incertus,  Ammo- 
discus  charoides,  an  1  Ammodiscus  gordialis,  all  common  as  a  rule. 
With  theie  were  associated  Rhizammina  sp.  Reopkax  iwdulosa,  not 
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seen  in  southern  samples,  and  Spirolocalina  asperula.  Species  of  Text- 
likiria,  abundant  in  the  south,  are  here  absent,  with  the  exception 
of  Textularia  trochns ;  BiUimimi  Ux)  is  comparatively  rare,  though 
a  few  of  the  commoner  varieties  occurred ;  Haplophragmium  acuti- 
dor$atum  was  found  in  every  sample  of  this  zone  at  Speeton,  but 
was  not  noticed  in  the  south ;  and  Gaudryina  filiformis  and  Gavr 
dryina  pupoides  (common  in  the  south)  are  rare  at  Speeton. 

Of  the  forms  which  occurred  most  commonlv  in  the  acid  resi- 
dues  of  this  zone  in  the  southern  and  western  counties,  the  most 
abundant  were  Bviimina  Presli  and  its  variety  sahulosa,  with 
Bviimina  brevis,B.  obtusa,  and  B.  affinis,  Gaudryina  pupoides 
was  very  common  in  every  southern  sample,  Tritaxia  tricarinata 
occurred  in  every  sample,  and  Tritaxia  pyramiduta  was  also  fre- 
quently noted,  but  neither  species  occurred  in  Norfolk  and  to  the 
north  of  the  Wash.  Of  the  genus  Textulariay  Textularia  trochus 
and  Textularia  turris  were  most  regular  in  their  occurrence,  Textu- 
laria prelonga  and  Textularia  minuta  being  next  in  order  of  fre- 
quency. Ammodiscus  incertuSy  though  occmring  in  the  upper 
part  of  the  zone  at  Folkestoi  e  and  Arlesey  was  by  no  means  common. 
Portions  of  the  test  of  ReophaXy  built  of  very  coarse  particles  of  sand, 
were  common  in  the  acid  residues  of  samples  of  this  zone  from 
Mupe  Bay,  especially  in  the  lower  part  of  it,  and  a  few  of  similar 
character  were  found  in  the  base  of  the  zone  at  the  Isle  of  Wight. 
The  two  species  of  Spiroplecta  again  occurred  in  the  Dorset  speci- 
mens, and  were  not  noticed  in  those  to  the  eastward. 

Tlie  whole  of  the  Lagenidae,  Globigerinidae  and  Rotaliidae  were 
obtained  from  four  specimens  of  the  zone  taken  from  the  fol- 
lowing localities :  Folkestone,  Charlton  cutting  on  the  Midland 
Railway  (a  few  miles  north  of  Luton),  Arlesey  in  Bedfordshire, 
and  Barrington  in  Cambridgeshire.  In  the  first  and  last  of 
these  localities  the  specimens  came  from  the  base  of  the  zone; 
those  from  Charlton  and  Arlesey,  near  the  top  of  it.  The  species  of 
these  families  seemed  fairly  distributed  throughout  the  deposit, 
and  it  cannot  be  said  that  any  particular  part  of  the  zone  was  espe- 
cially characterised  by  the  occurrence  of  any  one  form  or  forms. 
Cristdlaria  gaultina  was  the  most  common  form  of  the  family 
Lagenidae,  Cristdlaria  planiiiscida  coming  next  in  the  regularity 
of  its  occurrence.  Rhabdogonium  excaixitum,  MarginuHiia  glabra. 
Polymarphina  fusiformisy  and  Ramuli'rw  aculeata  occurred  in  all 
specimens  from  the  above-named  localities.  Glolngerina  cretacea 
were  common  ;  the  tests,  though  fairly  large,  are  not  so  fine  as  those 
of  the  Middle  Chalk.  Of  the  RotaliidaB,  Anomalirui  ammonoides 
and  Rotalia  SMani  were  most  frequent  in  occurrence. 

Osfraco(ia.— The  valves  of  Ostracods  are  very  abundant  in  some 
specimens  of  the  chalk  of  this  zone ;  they  were  especially  so  in  the 
specimen  "from  10  feet  above  the  Cambridge  Greensand  at  Bar- 
rington, Cambridgeshire.  The  folloT^-ing  is  a  list  of  those  species 
isolated  which  were  examined  and  identified  by  Mr.  Chapman. 
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Poiitocypris  bosqiietiana  (Jones.) 
Bairdeu  subdeltoidea  (Mtinsier), 

„        harrisiaiia  (Jones). 
Bythocypris  Brownei  (Jones,) 
Cythereis  triplicata  (Homerl. 
auriculata  (Cornuel). 
ornamentissima  (Reuss). 
var.  paupera  (./• 
aiid  //.). 


Cytheropteroii     concentricum 

(Keuss). 
alatum.  (^ost/uet) 
umbonatum  (WdL) 
Cytlierella  ovata  (Homer). 

„         obovata  (J.  and  //.)• 
„         Muensteri  (Homer). 
„        Williamsoniana  (Jones^* 


Examination  of  the  Residues. 

Detrital  Minerals.— Ab  before,  thedetrital  minerals  here  referred 
to  are  those  which  occurred  in  the  coane  porticn  of  the  acid  resi- 
dues, from  which  the  percentages  and  measurements  were  taken. 

Quartz  is  always  the  most  abundant  of  the  detrital  minerals.  In 
general  appearance  and  character's  the  grains  do  not  differ  from 
those  in  the  basement  beds.  Referring  to  the  grains  in  the  Chalk 
Marl  of  Culver  ClifV,  Isle  of  Wight,  Dr.  Hume*  says  they  consist 
of  "  highly  angidar  fragments  of  a  beautiful  water-dear  trwnsimrent 
type ,''  other  grains  present  crystal  faces,  though  it  is  not  usual  to 
obtahi  a  perfect  crystal.  In  cne  c^ase  a  very  delicate  prism  capped 
by  rhomlx)hedral  faces  has  been  observed.  We* also  have  met 
with  one  or  two  such  grains.  He  also  notes  that  some  of  the  grains 
had  lost  their  clear  character,  having  become  coated  \\ith  a  fer- 
ruginous oxide.  In  referring  to  the  Chalk  Marl  of  East  Wear  Bay, 
near  Folkestone,  he  says  the  quartz  differa  little  from  that  previously 
described  from  the  Isle  of  Wight. 

The  largest  amount  of  detritiil  minerals  is  again  found  'n 
the  most  westerly, 8j)eci nuns.  In  one  siimple  taken  10  feet  abo\e 
the  glauccnitic  marl  at  Mupe  Iky,  they  are  estimated 
to  form  (3  per  cent,  of  the  material  examined  ;  further  eastward 
they  diminish  considerably,  anri  in  a  sjHH'imcn  10  feet  above 
the  Chloritic  Marl  in  the  Isle  of  Wiglit  they  form  ( iily  08  \)ev  cent, 
of  the  material,  inl  at  Dover  at  the  siime  horizc  n  02  per  cent. 
At  the  same  horizon  at  Arlesey,  Bedfordshire,  the  grains  in  a  residue 
from  50  grammes  of  mtiterial  could  almost  l)e  counted  (  nthe  tingei-s. 
The  quantity  of  detrital  minerals  dim  nishes  rapidly  up^yal•ds. 
At  Mupe  Bay,  20  feet  above  the  glauconitic  marl,  they  form  cnly 
0"2  per  cent,  of  the  material  examined  ;  at  Dovei*,  at  nearly  the 
same  horizon,  only  0*0.*{  i)er  cent.  The  j)ercentage  of  detriti  1 
minerals  to  the  east  aud  noi-th  e^ist  of  this  is  intinitesimal 

The  largest  grains  occur  at  Mu]ie  Btiy,  iind,  as  in  quantity  so  in 
size,  they  diminish  rapidly  upwards.  'J'heir  average  size  in  this 
localitv  10  feet  above  the  Chloritic  Marl  was  10  mm.  with  a 
maximum  of  1 '  2  mm.,  p.nd  20  feet  ab(jve  it  the  maximum  was  '^l\ 
mm.,  average  18  mm.  At  Dover,  however,  while  as  a  whole  the 
grains  are  smaller,  averag  no?  cnly  '07  ;  nl  '^^^  re^^{^ecti^'ely  10  feet 
and  25  feet  above  the  Chloritic  Marl,  the  larger  <.'rii  nMJCcur  *n  the 
Ixigher  bed,  the  maximum  being  '51  mm.  25. feet  above  the 
Chloritic  Marl  and    37  mm.  10  feet  above  it. 


Chemical  and  Micro-Mincralogical  RcBearches  by  Dr.  Hume,  i\  25. 
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Farther  east  the  amount  of  the  detrital  minerals  is  exceedingly 
small  in  comparison  with  the  bulk  of  the  Chalk,  but  quartz  grains 
measuring  not  less  than  20  mm.  in  their  longest  diameter  occur 
in  nearly  every  specinun.  In  the  Spcnge-Bed  of  Hunstanton 
grains  measm-ing  1  mm.  are  to  be  found.  Neither  Dr.  Hume  nor 
I  have  observed  aggregations  of  quartz  grains  similar  to  those 
described  by  M.  Cayeux  from  the  Upper  Turonian  of  France.* 

For  the  general  ieix)rt  by  Mr.  J.  J.  H.  Teall,  F.R.S.,  en  the 
Detrital  Minerals  of  the  Tx)wer  Chalk,  see  p.  311. 

Secondary  Minerals.— iiluucoiiite.  — On  modem  sea  floors  this 
mineral  is  usually  associated  "  with  the  minuter  fragments  of  the 
rocks  rnd  minerals  of  contimntal  lands,"  and  **its  ffi'eatest  deve- 
lopment takes  place  where  fine  muddy  particles  commence  to 
make  up  a  considerable  portion  of  the  deposit."  In  the  zone  of 
Am.  mrians  it  occurs  most  abundantlv  in  the  sandv  Chalk  Marl 
of  Mupe  Bay,  where  it  is  estimated  to  form  3  j)er  cent,  of  the 
rock  10  feet  alx^ve  the  glauoonitic  marl,  though  at  20  feet 
above  the  proportion  is  little  more  than  0*5  per  cent,  the 
amount  diminishing  upwards  as  the  detrital  minerals  become 
scarcei'. 

It  continues  to  occur  sparingly  throughout  this  zcjne,  and  was 
found  in  specimens  obtained  from  the  cliff -secticns  of  the  south- 
coast  and  in  all  counties  south-west  of  Cambridgeshire,  the  grains 
being  small  and  widely  separated  in  the  rock,  but  to  the  northward 
they,  become  very  scarce,  and  are  finally  almost  entirely  ccnfined 
to  the  Spcnge-Bed  and  Inoceramus-Bed  of  Hunstanton.  In 
Lincolnshire  and  Yorkshire,  it  becomes  still  more  rare. 

Except  in  the  lowest  beds  of  this  zone,  and  in  the  Inoceramus- 
Bed  of  Hunstanton,  casts  of  Foraminifera  in  glauccnite  are 
uncommon.  At  MujDe  Bay  the  larger  grains  are  rough  and  mam- 
millated  and  resemble  those  of  the  Chloritic  Marl,  but  most  of 
the  grains  seen  in  this  zene  are  small  and  rounded,  and  vary  in 
colour  from  a  dark  olive-groen  to  a  jmle  green. 

Their  maximum  size  approximates  closely  to  those  of  the  detrital 
mineral  grains.  The  largest  measured  was  '80  mm.,  in  its  lengest 
diameter,  and  (X'curred  in  the  lowest  s|iecimen  of  the  marl  from 
Muj)e  Iky,  in  which  locality  the  av(»i-age  size  was  "31  mm.  In 
the  remainder  of  this  zone  the  maxinumi  size  sea  reel  v  ever  exceeds 

ft' 

*55  mm.,  the  majority  of  the  grains  measuring  from  *  10  mm.  to 
•  15  mm. 

Marci<iite.—Hm2ill  brassv  nodules  of  this  mineral  occurred  in 
only  two  or  three  instances.  They  were  found  in  the  specimens 
from  Lydden  Spout,  near  Dover,  and  from  Arlesey  in  Bedford- 
shire, both  as  rovnded  irregularly-shaped  nodules,  lengthy  cyhnders 

.■->!  ■  I  I  ..11  «. 

*  Contrib.  a  1 'etude  microgr.  des.  Terr.  Sed.  p.  336  (1897). 
t  "Challenger''  Reports,  Deep  Sea  Deposits,  p.  313. 
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or  minute  spherules.  At  Speeton  it  occurred  as  beautifully-formed 
octahedral  crystals  or  small  nodules,  consistmg  of  such  crystals  fused 
together. 

Limontte.— Small  nodides  or  irregularly  shaped  masses  or  nodules 
of  broA^Ti  ferruginous  material  occurred  in  nearly  every  specimen. 
Tlie  nodules  were  either  minute  spheres  or  cylindera  with  a  brownish 
crust  and  darker  interiors  or  irregular  masses  of  porous  brown 
iron  oxide,  the  latter  easily  crushed  to  powder.  They  are  probably 
derived  from  the  alteration  of  Marcasite,  for  Dr.  Hume*  found  a 
nucleus  of  this  latter  mineral  remaining  in  some  of  them.  Limonite 
not  infrequently  encruste  the  spicules  of  sponges,  and  is  occasionally 
seen  forming  caste  of  Foraminiferal  tests. 

Finest  Material. 

The  finest  material  of  the  Chloritic  Marl  and  of  the  zone  of  Am. 
fxiriajis  is  in  these  pages  generally  termed  the  amorphous  mati'ix, 
and  by  M.  Cayeux  it  is  called  the  "ciment."  It  sm^rounds  and 
includes  the  recognisable  pai-ticles  contained  in  the  rock.  When 
separated  from  the  coarser  particles  by  levigation,  it  refiecte  in  ite 
constitution  the  varying  characters  of  the  marls  from  different 
localities.  Thus  in  sandy  or  glauconitic  marls  minute  mineral 
and  glauconite  grains  will  be  found  to  be  numerous,  while  in  very 
marly  examples  extremely  fine  inorganic  matter  preponderates, 
and  the  amount  of  calcareous  material  is  small.  That  part  of  the 
amorphous  material  which  is  acted  on  by  the  acid  solution,  and 
which  appears  to  be  largely,  if  not  altogether,  of  organic  origin, 
is  of  similar  nature  both  in  the  Chloritic  and  Chalk  Marl,  and  may 
be  thus  described.  It  consiste  of  (1)  particles  which  behave  with 
polarised  light  as  calcite,  and  are  probably  of  organic  origin,  (2) 
particles  of  calcite  which  seem  to  be  of  subsequent  formation,  and 
(3)  exceedingly  fine  matter,  presumably  of  inorganic  origin,  the 
particles  of  which  are  hardly  discernible  even  with  high  powei-s. 

The  first  division  may  be  further  sub-divided  into  (a)  flat  particles 
of  irregular  shape,  their  edges  frequently  angular,  usually  showing 
an  indefinite  internal  structure  and  sometimes  a  fine  striatioii. 
These  are  prasuraaUy  minute  fragmente  of  shell ;  (h)  very  thin 
fragments,  not  infrequently  perforate,  which  seem  to  l)e  derived 
from  foraminiferal  teste.  Many  washings  contain  also  a  mini  her  (.f 
very  minute  Foraminfera,  chiefly  Glolmjerina  and  TextuJariuy 
and  minute  "  spheres  ;  "  (c)  minute  calcite  particles  which  as  a  rule 
give  no  clue  to  their  derivation,  though  some  c^n  l)e  recognised  as 
broken  pieces  of  crystalloids. 

(d)  Coccoiif/ts.— Minute  oval  bodies  which  are  frequently  referred  to 
as  CoccoUths,  sometimes  as  crystalloids,  form  a  very  important  part 
of  the  finest  material,  though  their  apparent  abundance  is  not 
so  great  in  this  lowest  division  as  in  the  higher  beds  of  the  Chalk. 

*  Micro-Mineralogical  Researches,  p.  43. 
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They  have  been  noticed  by  many  writers— by  Ehrenberg,  Huxley, 
Wallioh,  Sorby,  and  others ;  and  different  opinions  liave  been  ex- 
pressed as  to  their  natiu^e  and  derivation. 

llecently,  however,  Messi*s.  MuiTay  and  Blackmail*  have  uivesti- 
gated  the  charactei*s  of  Coccolitlis  and  llhabdospheres,  and  have 
come  to  the  conciiiyion  tliat  **  by  far  the  laiger  number  of  bodies 
described  by  geoloj^istw  as  GxxJoHtlis  have  no  claim  to  be  so  con- 
sidereil."  *'  I'here  is  no  evidenC'e  that  they  are  derived  from  even 
allied  organisms." 

The  rtwult  of  their  investigations  is  to  show  that  Coccoliths  i)os- 
sess  a  well  marked  structure— viz.,  two  limbs  joined  together  by  a 
central  collar :  "  The  real  test  of  a  (\x;colith  is  thus  in  its  double 
structure/*  They  recognise  two  cUstinct  forms  which  emanate 
from  two  species  of  Coccospheres.  One  is  circular  in  outhnewith 
a  small  (central  i)ore,  CoccospJujera  leptopora ;  the  other  is  oval  with 
a  centnil  depression  and  a  fairly  large  central  aperture,  sometimes 
cut  into  two  I>shaped  apertures  by  a  cross  liar  of  calcareous 
material,  C,  [Mdagica.  Tlie  rims  of  both  are  usually  ornamented 
by  fine  radiate  striae. 

Elxami nation  of  the  finest  dust  from  the  C^halk  Marl  mounted,  as 
recommended  by  these  authore,  in  strong  glycei'ine  will  show  that, 
judged  by  the  above  standard,  very  few,  if  any,  of  the  oval  and  round 
forms  which  abound  in  the  deposit  Ciiii  be  considered  Coccoliths.  The 
forms  seen  are  oval,  many  have  a  central  oval  marking  correspon- 
ding with  the  outline  of  the  rim  and  are  crossed  by  a  central  bai*, 
in  othei's  the  liar  is  aljsent.  Viewed  edgewise  they  appear  like  a 
watch-glass  in  shajx},  some  are  mere  discs,  but  others  have  a  greater 
thickness,  and  in  such  aromid  the  centre  of  the  periphery  may  l)e 
seen  a  divisional  line,  but  the  true  shirt-stud  form  W4is  not  detected. 
In  many,  howevei-,  the  details  of  markings  and  structure  are  much 
obsciu^  by  e^dcitic  crystals  which  adhere  to  them.  It  is,  however, 
difficult  to  Ijelieve  that  at  least  some  of  these  forms,  whose  ornamenta- 
tion and  general  appearance  is  i-emarkably  like  the  true  CocCoUth,  m-e 
not  derived  from  organisms  of  a  similar  nature  to  the  C/Occosphere  of 
tOKiay.  Circular  forms  with  a  loiuid  central  marking  are  also 
abundant.  Ilhalxloliths  are  not  uncommon,  and  some  of  the 
circular  forms  appear  to  be  the  upper  and  fuimel-shaped  part  of 
the  Rhabdolith,  the  stalk  Ix^ing  broken  ofV.  Messrs.  Murray  and 
Blackman  have  figured  sevenil  specimens  of  **  spurious  "  Coccoliths 
from  the  Chalk  Marl,  and  also  a  Ehabdohth. 

(2)  Crystals  of  calcite  of  irregular  su  lingular,  or  rounded  outline, 
clear  and  structureless,  and  difl'ering  in  general  appearance  from 
those  supposed  to  be  shell-fragments.  Such  crystals  are  abundant 
in  all  washings,  and  must  have  been  formed  after  the  depcxsition 
of  the  ohalky  mud.    The  process  by  which  many  Chalk  Marls 

*  Murray  and  Blackman,  Phil.  Trans.  Roy.  Sec.,  Sen  B,  Vol.  exc.  p.  436. 
42 1».  U 
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and  Clialks  become  hardened  Beenis  to  be  due  to  the  gradual 
growth  of  these  minute  crystaltt.  In  many  samples  the  arrange- 
ment of  these  minute  crystals  suggests  that  they  lune  continued 
to  mcrease  until  they  have  enclosed  the  coaiser  ingredients  of 
the  mass,  and  interlocking  with  each  other  have  con\erted  the 
whole  into  a  compact  semi-crystalline  rock.  The  ciystalline  grains 
vary  in  size  from  very  minute  |mrticles  to  such  as  jmssiiito  broader 
crystals.  When  develoj>ed  in  abundance,  hs  in  some  of  the 
harder  and  purer  chalks,  they  give  a  granular  aspect  to  a  sUce  of 
the  rock  under  the  microscope,  and  this  material  w  ill  hereafter  l)e 
described  as  "  granular  crystalline  calcite." 

(3)  The  exceedingly  fine  inorganic  material  (clay)  present  in 
considerable  proportions  in  the  Chloritic  and  Chalk  Marls  can 
scarcely  be  recognised  when  a  poi*tion  of  the  finest  washings  aie 
distributed  on  a  slide  and  mounted  in  Canada  Balsam,  though  its 
presence  gives  a  greyish  tint  and  a  general  appearance  of  dirtiness 
to  the  deposit.  In  the  finest  part  of  the  residue  w'hich  results  in 
the  treatment  of  specimens  of  this  division  by  dilute  acid  it  can  be 
seen  as  structureless  amorphous  material.  It  resembles  the 
amorphous  material  of  the  Gault  already  described,*  butdiflTersin 
one  important  particular.  It  is  neutral  when  view-ed  with 
polarised  light  like  that  of  the  Gault,  but  the  "  many  points  of 
Ught,"  the  "ill-defined  crypto-crystalline  appearance,  as  though 
particles  of  quartz  had  become  entangled  in  the  amorphous  matter,'' 
are  not  so  evident,  and  though  the  material  does  appear  to  contain 
within  it  minute  mineral  particles,  these  are  far  less  numerous  than 
in  the  Gaidt  clays. 

Tabulation  of  Results. 

In  the  annexed  table  will  be  foimd  the  results  of  the  treatment  of 
nineteen  specimens  of  this  zone  by  the  acid  solution.  Two  of  these 
are  from  notes  which  Dr.  Hume  has  kindly  allowetl  us  to  make 
use  of,  and  two  others  are  extracted  from  the  published  work, 
"  Chemical  and  Micro-Mineralogical  Researches/'  by  Dr.  Hume. 

We  have  to  thank  Mr.  Chapman  for  kindly  sending  us  a  specimen 
from  10  feet  above  the  Chloritic  Marl,  Dover,  and  Mr.  Lamplugh 
for  the  specimens  from  Hunstanton  ;  the  remainder  w  ere  obtained 
by  ourselves. 

•   Cretaceous  Bocks  of  Britain,  Mem.  Geo!.  Survey,  Vol.  i.  p.  3r)5, 
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The  cretaceous  bocks  of  bbiTais. 
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Summary  of  Chemical  Besults. 

In  this  zone  the  proportion  of  material  insoluble  in  the  acid  solu- 
.tion  is  on  the  whole  considerably  less  than  in  the  Chloritic  marl,  but 
the  results  of  the  analysis  of  the  specimens  appear  at  first  sight 
irregular,  not  only  when  the  zone  is  considered  laterally  from  west 
to  east,  but  also  when  considered  in  different  localities  in  vertical 
section,  the  percentage  of  insoluble  matter  ranging  from  3*03 
per  cent,  at  Hunstanton  to  46*  19  per  cent,  at  Ai'lesey,  in  the 
latter  case  in  the  upper  part  of  the  zone. 

The  specimens  from  the  West  of  England  contain  by  far  the 
largest  proportion  of  coarse  ingredients.  Li  the  two  samples  of 
the  quartziferous  Umestones  of  Devonshire  analysed  by  Dr.  Hiune, 
the  coarse  particles,  i.e.,  sand  grains,  glauconite,  sihcilied  shell-frag- 
ments and  foraminifera  amount  to  5*33  per  cent,  and  18*74  per 
cent,  respectively.  Though  there  is  so  large  a  proportion  of  coarse 
material,  the  clayey  residue  is  comparatively  small,  the  analysis 
showing  that  only  1 '  78  per  cent,  and  2  •  82  per  cent,  of  fine  matter 
is  present  in  the  two  samples.  Two  specimens  obtained  from 
Ijfupe  Bay  at  10  feet  and  20  feet  above  the  base  of  the  zone  also 
contain  a  large  amount  of  coarse  material,  the  percentage  being 
11  •  82  per  cent,  and  3 '  27  per  cent,  respectively,  the  analysis  show- 
ing a  progressive  decrease  of  coarse  matter  upwards,  but  this  decrease 
is  only  in  the  coarse  material,  for  there  is  a  slight  increase  (5  per 
cent.)  in  the  proportion  of  the  clay. 

Taking  the  results  of  the  analysis  of  a  series  of  specimens  which 
are  given  below,  we  see  that  the  coarse  part  of  the  residue  diminishes 


10  (t.  above  the 
Base  of  the  Zone. 


Per  oent.  of  coarse 

reeidiw. 
Pur    cent,   of   flue 

residue. 


Total  per  cent,  of 
resiiine 


MUPe     Cerue. 


Isle  of  '   Koike* 


11-82    I       4-62 
15-45     i     10-11 


27 -2  < 


1473 


Wight. 

stone. 

1-44 
28-31 

1-35 
35-U5 

26-75 

37-30 

Arleaev     *^»»Tln«-       Hun- 

ul3f^'       <»"•     Btanton, 
"®^-    1  Cambs.    Norfolk. 


•31 
24-07 

24-38 


-28 
21-58 


-14 

4-73 


21*86 


4-87 


8pe(;toii, 
Vorks. 


•81 
16-83 

15-84 


from  west  to  east,  but  the  jjercentage  of  fine  material,  the  clay  of  the 
deposit,  while  showing  a  tendency  to  drop  between  Mupe  Bay  and 
Ceme,  rises  at  the  Isle  of  Wight  and  again  at  Folkestone,  then 
decreases  northward  at  Arlesey  and  again  at  Barrington,  and 
becomes  very  small  at  Hunstanton.  From  the  evidence  of  thin 
microscopic  sections  this  condition  of  things  continues  to  north- 
ciist  Yorkshire,  where  at  Speeton  there  is  aj^ain  an  increase  of  mud. 

A  second  series  may  be  taken  from  the  foregoing  table  of  samples 
l)etween  20  feet  and  45  feet  above  the  base  of  this  zone.  Some  re- 
markalJe  differences  occur  here  which  must  be  considered  in  detail. 
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20  to  46  ft.  above  the 
Base  of  the  Zone. 

Mupe 

Bar  20ft. 

aboYe 

base. 

Isle  of 

Wight 

?  20ft.  to 

26ft  aboYe 

Base. 

*Folke- 

stone  soft 

aOaboYe 

Base. 

Folke- 
stone 
S5ftabOYe 
Base. 

Arlesey 

46ft  aboYe 

Base. 

Hunstan- 
ton 6rt. 
below 

Tot.  stone. 

Speeton 

16ft  below 

tbeOrey 

Bed. 

Per  cent,  of   coarse 

reaidae. 
Per  cent  of  fine  residue 

3-27 
16-02 

•767 
89H)3 

•47 
27^41 

•17 
21^96 

•20 
46-99 

•01 
302 

•OlS 
5-088 

Total    per    cent,    of 
residue. 

19-29 

39-80 

27-88 

2213 

46-19 

8^03 

6-061 

*  Not  included  in  the  regular  series. 

The  iirst,  from  Mupe  Bay>  as  already  noted,  shows  a  decrease  iii 
the  amount  of  coarse  residue  in  that  locality;  but  in  the  next, 
a  specimen  from  the  Isle  of  Wight,  taken  from  Dr.  Hmne's 
Micro-Mineralogioal  Kesearches,  which,  judging  from  the  descrip- 
tion given,  was  obtained  from  20  feet  to  25  feet  above  the  base  of 
this  zone,  shows  a  decided  increase  of  the  fine  material  not  only 
when  compared  with  Mupe  Bay,  but  also  when  compared  with  a 
specimen  lower  in  the  zone  from  another  locaUty  in  the  island 
(Compton  Bay). 

Dr.  Hmne  also  records  the  analysis  of  a  s])ecimen  of  chalk  from 
Cxilver  Cliff,  Isle  of  Wight,  which  he  refers  to  the  zone  of 
Holaster  subglobosm.  The  specimen  jdelded  a  residue  of  44*85 
per  cent,  on  treatment  with  the  acid  solution.  From  Dr.  Hume's 
description  of  the  horizon  and  the  results  of  our  own  analyses 
of  chalk  of  the  zone  of  Holaster  aubglobosus  at  the  Isle  of  Wight,  we 
felt  sure  that  this  specimen  came  from  the  upper  part  of  the  beds 
which  are  now  taken  as  the  zone  of  AAurians,  and  we  have  included 
it  in  this  division.  Our  surmise  as  to  the  horizon  of  this  specimen 
proved  to  be  correct,  for,  having  had  an  opportunity  of  consult- 
ing Dr.  Hume,  he  agrees  that  the  chalk  from  which  he  took  the 
specimen  is  part  of  tliat  which  we  include  in  the  lower  zone. 
There  is  therefore  a  still  <2:reater  increase  in  the  amount  of  terrigenous 
material  in  the  up{ier  part  of  this  zone  in  the  Isle  of  Wight. 

But  such  increase  is  by  no  means  exceptional.  At  Arlesey  the 
amount  of  clay  45  feet  alx>ve  the  base  is  nearly  double  the  amoimt 
in  the  basal  specimen— viz.,  46  •  19  per  cent.,  compared  with  24  *  38 
per  cent.  Professor  Judd  records  a  residue  of  50  per  cent,  from 
Chalk  Marl  of  the  Richmond  boring.* 

It  is  important  to  notice  that  this  increase  is  not  in  the  coai*se  par- 
ticles, but  chiefly  in  fine  mud ;  so  fine  indeed  is  it  at  Arlesey  that  it 
is  impossible  to  separate  the  minute  mineral  grains  from  the  rest 
of  the  deposit,  though  in  thin  sections  they  ai*e  easily  seen  to  be  very 
numerous  when  the  rock  is  viewed  under  the  microscope.  Though 
this  high  percentage  of  clay  falls  again  at  Arlesey  towards  the  sunmiit 
of  the  zone,  it  is  even  then  large  compared  with  any  sample  just 
above  the  base. 

*  Quart.  Journ.  Geol.  See.,  Vd.  xlii.  p.  435. 
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At  Folkestone  the  percentage  of  coarse  particles  and  fine  mud 
seems  to  decrease  progressively  from  the  base  to  the  summit  of  the 
zone,  but  the  proportionate  decrease  of  coarse  particles  is  greater 
than  that  of  the  clay.  This  is  shown  in  the  three  analyses  quoted, 
and  is  confirmed  by  the  examination  of  thin  slices  of  the  rock. 

At  Hunstanton  the  deposit  is  practically  a  pure  chalk,  the  in- 
soluble residue  being  only  3  03  per  cent.,  but  at  Speeton  the  per- 
centage of  residue  at  this  higher  horizon  shows  an  increase  when 
compared  with  the  Hunstanton  specimen. 


THE  QUAlt TZIFEllOUS  LIMESTONES  OF  DEVONSHIttE. 

ADDENDUM   TO   P.   274. 

Microscopic  Aspects. 

The  lowest  and  coarsest  i>art  of  the  deposit  is  unfit  for  slicing,  but  the 
higher  part  of  No.  10  has  been  cut  and  is  seen  to  be  a  sandy  rock,  consisting 
of  large  quartz-grains  (mostly  well  rounded)  and  shell  fragments  of  many 
kinds,  with  Foraminifera  and  a  sprinkling  of  glauconite-^ains,  the  whole 
cemented  by  clear  crystalline  calcite.  Among  Foraminifera  TexUUaria^ 
CriMtellaria,  and  Rotalia  are  common,  Globigertna  is  rare  or  absent. 
There  are  many  pieces  of  sponges  (?  Calcisix)nges),  a  few  spicules  of  Siliceous 
Sponges,  and  some  fragments  of  Bryozoa. 

The  succeeding  bed  (No.  11)  resembles  the  finer  and  more  shell);  iiortions 
of  the  bed  below  ;  it  consists  mainly  of  calcareous  particles  derived  from 
various  sources,  with  Foraminifera  and  Si)onge-spicules,  and  many  grains  of 
quartz  and  glauconite,  the  latter  bein^  more  freciuent  than  in  Bed  10.  The 
whole  is  cemented  by  crystalline  calcite.    There  are  no  Spheres. 

The  highest  part  of  the -^l/n.  J/(/nte// 1  zone  (the  No.  12  of  Meyer)  is  a 
different  rock,  narts  of  it  being  a  tnie  chalk,  not  unlike  an  ordinary 
Chalk  Marl.  The  matrix  consists  of  fine  amorphous,  calcareous  matter, 
through  which  are  scattered  many  Spheres,  a  few  shell  fragments,  with  some 
Foraminifera  and  Sjwnge -spicules.  It  diners  from  Chalk  Marl,  however, 
in  containing  large  (luartz  gi*ains,  large  grains  of  glauconite,  and  large 
shell-fraffments,  these  often  occurring  all  together  in  |)atches,  which  are, 
nevertheless,  integral  imrts  of  the  rock,  and  are  not  sharply  marked  off 
from  the  finer  ix)rtions. 

Bed  13  is  a  similar  but  less  consolidated  rock.  The  matrix  is  a  chalk 
with  spheres  and  small  Foraminifera,  but  with  fewer  shell-fragments.  It 
differs  from  12  in  being  more  crowds  with  large  grains  of  quartz  and 
glauconite,  the  former  occurring  in  rounded,  subangular  and  angular  grains. 

Dr.  Hume  examined  a  sample  of  the  hard  limestone  west  (?  south)  of  Beer 
Harbour,  and  we  believe  this  to  have  been  tiiken  froni  Bed  12.  His  other 
sample  was  frcmi  Bed  13,  near  Lyme  Kegis. 
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CHAPTER     XXin. 

THE  MICROGRAPHIC    STRUCTURE   OF   THE    BEDS 
FORMING  THE  ZONE  OF  HOLASTER  SUBGLOBOSUS. 

BY  W.  Hill. 

D.  The  Tottebnhoe  Stone. 

The  external  appearance  of  this  bed  is  that  of  a  hard  grey  gritty 
chalk,  usually  containing  small  brown-black  phosphatic  nodules, 
and  when  examined  with  a  hand  lens  is  seen  to  be  speckled  with 
black  points  which  are  grains  of  glauconite.  The  stone  occurs  in 
lenticular  beds  of  varying  thickness,  in  which  shell-fragments  pre- 
dominate, and  which  are  sei>ai*ated  in  Bedfordshire,  Hertfordshire, 
and  Cambridgeshire,  by  layers  of  less  shelly  chalk. 

Microscopic  Aspect  of  Thin  Sections. 

When  thin  slices  of  the  stone— which  is  most  esteemed  for  build- 
ing purposes,  and  is  quarried  for  that  purpose  at  Tottemhoe 
(Bedfordshire)  and  Burwell  (Cambridgeshire) — are  examined  under 
the  microscope,  the  shell-fragments 'are  seen  to  be  evenly  dis- 
tributed and  to  have  a  uniform  size.  The  greater  part  of  them  can 
be  recognised  as  prisms  of  Inoceramus-shell,  and  they  constitute  at 
least  60  to  70  per  cent,  of  the  mass.  The  remainder  consists  of  glau- 
conitic  and  minute  mineral  grains,  both  exceptionally  abundant 
compared  with  the  Chalk  above  and  below,  and  Foraminifera, 
amongst  which  forms  of  Globigerina,  Textvlaria,  and  Rotalma 
can  be  recognised.  The  whole  is  compacted  together  in  a  matrix 
of  amorphous  material,  but  in  some  places,  especially  where  shell- 
fragments  are  coarse,  probably  allowing  an  easy  circiilation  of 
water,  the  matrix  is  chiefly  granular  cr3r8talline  caloite  (see  PI.  V.) 

In  the  more  northern  counties  the  Tottemhoe  Stone,  though 
thin,  is  well  marked,  and  its  general  characters  differ  little  from 
the  stone  at  Tottemhoe,  except  in  the  greater  irregularity  in  the 
size  of  the  shell-fragments  and  the  gradual  decrease  of  the  sandy 
elements.  Through  Norfolk,  Lincoliishh-e,  and  Yorkshire  it  pre- 
serves its  char^ter  as  a  thin  bed  of  shelly  chalk,  and  at  the  final 
exposure  in  the  Speeton  Cliffs  it  can  still  be  recognised,  though 
apparently  from  the  incrciise  of  amorphous  material  the  l)ed  may 
\ye  again  jjassing  laterally  to  less  shelly  chalk. 

Examination  of  the  Washings. 

Portions  of  the  Tottemhoe  Stone  from  Ai'Iesey  in  Bedfordshire 
and  Heacham  in  Norfolk  were  washed  in  water  and  much  of  the 
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fineBt  material  was  thus  removed ;  the  remainmg  coarse  particles 
were  then  examined.  The  material  was  difficult  to  separate,  small 
masses  of  shelly  particles  teing  frequently  cemented  together  by 
calcite. 

In  that  from  Arlesey  the  coarse  shell-fragments  consisted  largely 
of  prisms  of  Inoceramus,  a  few  Echinoderm  plates,  and  spines  and 
short  pieces  of  Bryozoa.  Small  lish  teeth  and  scales  were  common, 
and  ovoid  and  cylindrical  coprolites  numerous. 

The  Heacham  specimen  gave  somewhat  similar  resiilts.  Inoce- 
ramus-prisms  were  very  abundant,  but  there  were  also  a  good 
many  flat  shell-fragments  the  derivation  of  which  was  obscure.  A 
few  fragments  of  Bryozoa  occurred,  but  no  Echinoderm-plates  or 
spines  were  noted,  nor  were  fish  teeth  or  co{H*ohtes  so  common  as 
in  the  Arlesey  specimen. 

Foraminif era,— The  following  species  were  isolated  from  the 
washings  and  residues,  and  were  identified  by  Mr.  F.  Chapman  :^ 




1 

Arlwey, 
BedfJi. 

flaAchain, 
Norfolk. 

Speetou, 
Yorks. 

Rhizaiuimiia  indivisa,  Brcuiy     - 

X 

X 

Reophax    uoduiosa,  Brady 

— 

— 

X 

Haplophragniiuui  agglutinans  (dOrb.)    - 

— 

X 

— 

„               glomeratum,  Brady     - 

— 

— 

X 

Aminodiacua  iacertus  (d'Orb.)   - 

— 

X 

X 

„            charoides  (./.  and  P.) 

-- 

— 

X 

Trocliaminiua   sp. 1 

— 

— 

X 

Textularia   trochus,   d'Orb,       -        -        -  i 

X 

X 

— 

„        turris,  d'Orb,     -       -        -        -  ; 

X 

— 

— 

„        graiuen,  dOrb,         -        -        -  j 

X 

— 

Tritaxia   tricarinata,    Reuss       -                -  i 

X 

— 

Verneuilina  sp. 

— 

X 

— 

Lituola   placentula,  Chap. 

— 

— 

X 

Gaudryina  pupoides,  d'Orb,       -               -  ' 

X 

X 

X. 

„         rugosa,  d'Orb. 

— 

— 

X 

„          ap.,  nov. , 

— 

~ 

X 

BuUinina  brevis,  d'Orb.     - 

X 

X 

X 

„        Preali,   Reuss      -        -        -        - 

X 

X 

X 

„        aifinifl,  d'Orb,      -        -        -        - 

X 

— 

X 

„        obtusa,  d'Orb.     -        -        -        - 

X 

— 

X 

„        Orbigiiyi,  Reuss 

X 

X 

— 

Tjiigeaa  apiculata,  Reuss     -        -        -        - 

X 

— 

— 

Nodosaria  oligostegia,  Reuss 

— 

X 

— 

Margiaulina  robusta,  Reuss     - 

— 

X 

— 

Cristellaria  Italica,  Defr.    -        -        -        - 

— 

X 

— 

„        planiiis^ula,  Reuss     - 

X 

.- 

„        <!  ultra  tit  (Mo  tit/.) 

X 

— 

— 

(41()bi»^erma  cretacea,  d'dtb. 

X 

X 

— 

Tniiicatnliiia  lobatula  { II'.  atul  I.) 

— 

X 

„          Uugeriaua  (d'Orb.)- 

X 

— 

— 

Aiionialiiia  anunonoides  (Reuss) 

X 

X 

~ 

„            couiplaiiata,  Reuss 

X 

— 

— 

Qlaadulina  cylindracea,  Reuss  -               -  | 

X 
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The  ohange  already  noted  in  the  zone  of  A.  varicms  of  the  faciei 
of  the  Microzoa  in  the  north-west  of  Norfolk  and  northwai-ds  is 
reflected  in  the  Tottemhoe  Stone. 

Rhiaammma,  Reophcuc,  Haplophrdgmiym,  Awmodiscus,  and 
Trochamminay  all  represented  in  North-west  Norfolk  and  Speeton, 
were  not  observed  in  the  examination  of  the  Arlesey  specimen.  The 
specimens  of  Bulimvriaa,ndGaudryvaa  are,  as  usual,  smaller  in  the 
north  than  in  the  south. 

Ogtracoda.— The  valves  of  Ostracods  were  fairly  numerous  in  the 
Arlesey  specimen.  The  following  were  isolated  from  the  washings, 
and  were  namedtby  Mr.  Chapman  i^Cytkereis  tripliccUa  (Boem.) 
and  C.  orruimentissima  (Seuss),  CytJveridea  perforaia  (Boem.)>  and 
CytherMa  obowUa  (J.  and  H.). 

In  the  Tottemhoe  Stone  of  Heacham  they  were  less  numerous. 

Examination  of  the  Besidues. 

DetrUal  Minerals.— Besides  quartz  and  mica  no  other  minerals 
have  been  definitely  recognised  in  the  Tottemhoe  Stone;  their 
proportion  of  the  coarse  residue  is  small,  the  sandy  nature 
of  the  stone  being  due  to  comminuted  shell-fragments  and 
not  to  mineral  grains.  In  size  they  do  not  exceed  those  of 
the  over  or  underlying  Chalk,  though  the  Heacham  specimen  con- 
tained a  few  grains  which  were  larger  than  usual. 

Secondary  Minerals, — Gla^iconite,—TlnB  mineral  occurs  plenti- 
fully in  the  Tottemhoe  Stone  of  Arlesey  and  Heacham.  It  is 
generally  of  a  pale  green  colour ;  many  of  the  grains  are  small 
and  roimded,  but  there  are  also  many  in  the  form  of  foramini- 
feral  casts. 

Afaron^ito.— Bright  brassy  spherules  and  small  irregular  masses 
of  this  mineral  occurred  in  the  Arlesey  specimen,  accompanied  by 
masses  of  iron  oxide,  possibly  derived  from  the  oxidisation  of  this 
material. 

Tabulation  of  Besults. 

The  appended  table  gives  the  resiilts  of  the  treatment  with  the 
aoid  solution  of  four  specimens  of  the  Chalk  at  this  horizon  : — 
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E.  The  Chalk  above  the  Tottebnhoe  Stone. 

Aliove  the  horizon  of  the  Tott^rnhoe  Stone,  which  over  a  large 
ar«i  inarkH  tlie  diviniou  of  the  two  lower  zones  of  the  chalk,  the 
true  chalk  may  be  said  to  commence,  and  the  broad  delinition  of  it 
as  a  white  soft  limestone  soiling  the  fingers  will  apply  to  the  rock  over 
a  largtj  extent  of  comitry. 

The  chalk, however,  is  not  yet  (|uiU^  a  pme  whit4'exc4'pt, ]K'rlia|)s, 
in  the  highest  Ijeds  in  some  lo(*4ilitieH.  In  the  south-east  and  south 
it  is  mainly  white  or  whitish;  in  Wiltshire,  Berkshire,  Oxford- 
shire, Buckinghamshire,  and  Cambridgeshire,  the  lower  part  is 
greyish  and  the  upper  part  white.  In  Norfolk  the  whole  is  whitish 
grey  or  white  at  the  summit.  This  continues  through  Lincoln- 
shire and  Yorkshire,  though  in  the  two  latter  counties  the  cx)lour 
is  curiously  varied  by  pink  bands. 

As  a  whole  it  appears  as  a  firm  blocky  kind  of  chalk ;  in  some 
cases  where  local  circumstances  have  favoured  induration  by  ealcite 
there  are  beds  of  hard  semicrystalline  limestone.  In  Yorkshiie 
most  of  the  Lower  (^halk  is  of  a  rough  nodular  character. 

As  before,  the  details  may  be  given  under  the  following  heads : — 

1.  Microscopic  Aspects. 

2.  Examination  of  the  Washings. 

3.  Examination  of  the  Kesidues. 
4  Tabulation  of  Results. 

5.  Summary  of  Chemical  Wwk. 

Microscopic  Aspects. 

Devonshire  and  iMrset.—A  large  number  of  examples  were  ob- 
tained from  the  neighbourhood  of  Membuiy  in  Devonshire,  and 
Cerne  Abbas  (North  Doi'set).  In  the  lower  part  of  this  zone  in 
the  above  named  loc^iHties  "  si)here8 ''  form  an  important  feature 
in  the  rock,  and  may  be  estimated  to  form  from  20  per  cent,  to  40 
per  cent,  of  it ;  shell-fragments  are  never  abundant,  and  form  from 
5  to  10  })er  c^nt.  more.  Mineral  grains  of  small  size  occur  in 
nearly  all  specimens,  but  their  projwrtion  is  very  small  indeed. 
Minute  gi'ains  of  glauconite  also  occur. 

About  the  middle  of  the  zone  and  in  the  higher  beds  "  spheres  " 
are  exceedingly  numerous,  forming  in  some  instances  80  per  cent, 
of  the  chalk.  Shell-fragments  are  coai'ser  but  less  abundant,  and 
there  is  a  decrease  both  in  mineral  and  glauconitic  grains,  though 
both  can  l)e  seen  in  nearly  all  samples. 

At  Mupe  Bay,  South  Dorset,  20  feet  below  the  Belemnite  Marl 
(30)  "  spheres  "  constitute  70  per  cent,  of  the  rock,  shell-fragments 
5  per  cent.,  while  mineral  grains  are  more  numerous  and  far  larger 
than  in  North  Dorset  specimens. 

In  none  of  the  examples  of  this  zone  from  Devon  or  Dorset  do 
Foraminifera  other  than  spheres  play  an  important  part ;  it  is  only 
here  and  there  that  a  form  which  may  be  refeiT<Ml  to  Gtohigf^nva 
or  to  Terinlaria  can  be  recognised. 
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Sponge-spiculefl  are  to  be  seen  only  in  two  or  three  specimens. 
In  one  from  Fiirley,  near  Mem  bury,  there  occur  the  same  form.s 
abeady  alluded  to  in  the  Chalk  Marl  as  ixjs^ibly  those  of  Radiolaria. 

Ide  of  \Vi^/i/.  — Along  the  south  coa«t  specimens  present  the 
same  peculiarities  as  those  of  the  inland  localities.  The  basal 
Ijeds  of  the  Isle  of  Wight  contain  a  large  proi>orlion  of  shell-fragments 
and  nmch  glauconiU^  thus  faintly  echoing,  jus  itwere,  the  conditions 
of  the  Totternhoe  Stone.  In  the  higher  jxirts  amorphous  calcareous 
matter  predominates,  shelly  fragments  occur  8i)aringly,  while 
"  spheres ''  are  scattered  through  the  mass,  with  minute  Gldtngervna 
and  Textvlaria, 

Kent,  Domr.—The  specimen  from  70  feet  l3elow  the  Belemnite 
Marl  (30)  contains  about  10  per  cent,  of  finely  divided  shell-frag- 
ments and  10  per  cent,  more  of  "  spheres  "  and  minute  Glofngervnn 
and  Textvlaria  and  foraminiferal  cells,  the  greater  part  of  the 
rock  being  amorphous  material,  chiefly  calcareous,  but  containing 
tine  inorganic  matter  also.  At  40  feet  below  this  Marl  the  chalk 
is  nearly  all  amorphous  material  with  very  few  shell-fragment* 
or  "spheres,"  though  the  minute  Foraminifera  not«d  above  are 
still  in  evidence.  The  sample  from  6  feet  below  the  Belenmite  Marl 
(37)  is  very  similar,  containing  even  fewer  foraminifera  "  spheres  " 
or  shell-fragments. 

Wiltshire.— yfe  have  but  few  specimens  from  this  zone  from 
Wilts.  One  each  from  Scratchbury  Hill,  Am  Hill,  and  Clay  Hill, 
all  near  Warminster,  are  evidently  from  nearly  the  same  horizon, 
probably  about  that  of  the  Totternhoe  Stone,  or  at  least  the  base 
of  the  zone.  Shell-fragments  and  "spheres''  are  abundant,  the 
former  somewhat  c-oarse,  these,  together  with  a  few^  Foraminifera, 
forming  about  50  per  cent,  of  the  deposit.  Comparatively  large 
grains  of  glauc^nite  are  common,  and  the  mineral  grains  are  larger 
and  more  abundant  than  in  other  specimens  of  chalk  at  a  similar 
horizon  except  that  from  South  Doi'set.  In  two  specimens  from 
the  upper  part  of  the  zone  from  Brimsdown,  near  Devizes,  30  feet 
and  15  feet  below  the  Belenmite  Marls  the  rock  is  chiefly  amorphous 
material,  with  but  few  shell-fragments  or  "spheres,"  the  latter 
l)eing  most  abundant  in  the  highest  example.  In  lx)th  small  mineral 
grains  occur  with  a  few  of  glauconite.  This  is  the  highest  horizon 
at  which  mineral  grains  have  l)een  recognised  in  a  section.  As  in 
Dorset,  Foraminifera  are  not  common. 

Berkshire  and  OxforcUthire.—Judg\n\i  from  specimens  from 
various  horizons  in  this  zone  in  Berkshire,  the  general  appearance 
of  the  Chalk  does  not  alter  much.  In  the  lower  part  of  the  zone  it 
is  shelly  and  full  of  "  spheres/'  but  it  passes  up  to  a  rock  consisting 
chiefly  of  amorphous  matter.  Both  mineral  grains  and  glauconite 
occur,  and  the  former  are  more  abundant  than  in  chalk  of  the 
same  horizon  to  the  northward. 

We  have  a  good  series  from  Crowmarsh  (Oxfordshire).  Im- 
niediatelv  alx)ve  the  Totternhoe  Stones  the  dialk  i*esemhle«  that 
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from  near  Warminster,  in  the  amoimt  of  shell-fragments  and 
"  spheres,"  but  mineral  and  glauconitic  grains  are  fewer  in  num- 
ber, and  the  former  smaller.  About  20  feet  higher  shell-fragments 
decrease,  while  mineral  grains  and  glaucouite,  though  com- 
paratively rare,  are  to  be  seen  high  in  the  zone.  "Spheres"  are 
common,  hardly  abundant,  but  Foraminifera  increase  decidedly, 
though  ixs  a  lule  the  individuals  are  not  large  and  the  area  occupied 
by  their  testa  is  relatively  small.  Globiyerinu  and  Texttdarva 
are  the  prominent  forms.  Still  higher  the  chalk  is  chiefly  amor- 
phous material,  recognisable  particles  rarely  forming  more  than 
10  per  cent,  of  the  rock,  but  just  under  the  Belemnite  Marl,  shell- 
fragments,  Foraminifera  and  '"  spheres  "  increase  again. 

Budcs.,  Beds,,  and  Herts,— In  these  counties  (see  Analyses  38  and 
39)  the  chalk  of  the  zone  of  Holdster  »ubgl6bosus  varies  but  little 
in  structure.  The  lower  part,  just  above  the  Tottemhoe  Stone, 
contains  many  finely-divided  shell-fragments,  **  spheres,"  with  a 
few  Foraminifera,  but  mineral  grains  cannot  often  be  recognised 
more  than  20  feet  above  the  base,  while  grains  of  glauconite  are 
rare.  Above  this  the  chalk  chiefly  consists  of  amorphous 
calcareous  material,  with  few  shell-fragments,  Foraminifera,  or 
"  spheres."    (See  Plate  V.,  Fig.  2.) 

The  general  character  of  the  zone  is,  however,  not  infrequently 
broken  by  seams  of  more  shelly  chalk,  and  occasionally  by  beds 
whioh  have  marked  characters  of  their  own.  Thus  at  Chalk- 
shire  (South  of  Wendover)  there  is  a  bed  of  hard  gritty  ohalk 
locally  called  the  Rag,  and  again  at  Ivinghoe  (46)  and  Sundon 
beds  of  similar  character  are  exposed  at  the  same  horizon.  The 
deposit  consists  largely  of  comminuted  shell-fragments,  coarser 
and  more  imevenly  assorted  than  in  the  Tottemhoe  Stone,  with 
but  little  fine  materital.  Foraminifera  are  fairly  common,  but 
the  abundance  of  fish  teeth  and  scales,  fragments  of  bone,  and 
small  ovoid  coprolites  give  a  marked  character  to  the  bed. 

The  larger  calcareo-phosphatic  green-coated  nodules  which  abound 
in  the  Rag  have  a  structure  identical  with  that  of  the  grey  chalk. 
Most  of  the  nodules  seem  pierced  by  boring  Molluscs,  and  the  holes 
are  now  filled  usually  with  coai*se  shelly  material  of  the  Rag,  but 
sometimes  with  flne  amorphous  material. 

Analysis  of  the  material  of  this  bed  (see  page  317)  does  not  show- 
any  very  exceptional  difference  to  the  chalk  of  the  zone  in  this 
lockUty,  but  there  are  more  coarse  particles,  the  percentage  of  these 
being  higher  than  the  average.  They  consist  chiefly  of  lumps 
of  green  mud  (see  page  312),  sand  being  in  small  proportion.  The 
Foraminifera  are  of  theusual  type— /?Airamm'ina,  TrUaxia,  Bttli- 
mina  and  Gavdryvna,  Of  the  last  genus,  however,  there  is  a  new 
species  or  variety. 

Between  Tottemhoe  and  Royston  the  upper  part  of  the  zone 
contains  more  "  spheres,"  and  shell-fragments  and  just  under  the 
Belemnite  Marl  both  become  very  numerous.     A  feature  now 
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in  the  Upper  part  of  the  zone  in  the  mcrease  in  the  number  of  Globir 
gerina  and  Textularia,  Both  are  usually  very  small,  and  the 
relative  nmnber  seen  in  each  example  varies,  but  they  are  decidedly 
more  numerous  as  a  whole  than  in  the  more  western  samples. 

Cambridgeshire.— At  Cherry  Hinton  the  following  sequence  of 
examples  was  obtained,  and  may  be  compared  as  showing  the 
general  aspect  gf  samples  of  this  zone  in  the  Midland  coxmties,  taken 
at  measured  distances  below  the  Belemnite  Marl. 

80  feet.—**  Spheres  "  estimated  at  60  per  cent. ;  shell-fragments 
not  common  ;  Foraminifera  rare ;  one  or  two  glauconitic 
grains ;  no  minerals  observed. 

60  feet.— Pine  shelly  fragments,  "  spheres,**  and  Foraminifera 
do  not  form  more  than  15  per  cent,  of  the  deposit ;  Globir 
gerince  present,  mostly  of  minute  size,  but  two  or  three 
larger  ones. 

45  feet.—"  Spheres  **  about  20  per  cent. ;  shell-fragments  rare ; 
no  Foraminifera,  glauconite,  or  quartz. 

30  feet.— Almost  entirely  amorphous  material ;  neither 
"  spheres  "  nor  shell-fragments ;  a  few  minute  Forami- 
nifera (Globigerina  or  Textvlaria.) 

15  feet.— "Spheres"  fairly  common;  a  few  shell-fragments, 
and  minute  Foraminifera;  amorphous  material  85  to  90 
per  cent. 
6  feet.— Shell-fragments  coarse,  abundant;  "spheres**  com- 
mon ;  many  minute  Globigerina  and  Textvlaria ;  a  few 
large  specimens  of  the  first  named  genus ;  the  recognis- 
able ingredients  forming  about  35  per  cent,  of  the  rock. 

Norfolk  and  Suffolk. —The  conditions  indicated  by  the  Cherry 
Hinton  series  continue  through  these  counties,  but  as  one  progi'esses 
towards  North-west  Norfolk  there  is  a  general  increase  of  shell 
fragments,  and  large  Globigerirue  become  a  more  constant  featm-e, 
though  the  chalk  still  consists  largely  of  amorphous  matter. 

Liiicohishire.—Thvongh  this  county  the  chalk  contains  a  large 
proportion  of  coarse  particles  which  can  be  recognised  as  shell, 
wliile  in  some  specimens  "  spheres  "  and  Foraminifera  are  fairly 
numerous.  Examples  from  the  quarries  near  Louth  contain  from 
5  to  10  per  cent,  of  shell-fragments ;  "  spheres  "  are  common,  and 
thase,  with  small  Textularia,  small  and  la!*ge  Globigerin(E,  and 
here  and  there  a  Rotalina,  together  make  up  from  10  to  15 
per  cent,  more  of  the  rock. 

There  seems  to  be  no  important  difference  in  the  structure  of 
the  pink  bands  which  occur  in  the  zone. 

Yorfe/iire.— Throughout  Yorkshire  the  character  of  the  chalk 
continues  much  the  same,  though  some  examples  contain  a  still 
larger  percentage  of  shell-fragments  and  Foraminifera.  For  in- 
st4ince,  a  specimen  of  the  pink  band  at  Swinhani  contains  at  least 
50  per  cent,  of  recognisable  shell-fragments  and  Foraminifera, 
4219.  X 
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the  bitter  not  being  so  much  ui  evidence  in  this  example. 
A  specimen  from  Park  Fai'm,  Londesboro',  also  contains  many  shell- 
fragmenta.  In  the  specimens  from  Speeton  shell-fragments,  foram- 
inifera,  and  spheres  form  from  15  to  25  per  cent,  of  the  rock. 

Examination  of  Washings. 

Coarse   Material. 

Portions  of  several  of  the  specimens  obtained  for  chemical 
treatment  were  washed  with  water  and  the  coarser  organic 
remains  which  they  contained  were  noted.  As  a  whole  they 
differ  so  little  from  those  contained  in  the  zone  of  Am,  various 
that  detailed  reference  is  liardly  necessary.  In  no  ease  was  the 
chalk  characterised  by  the  occuirence  of  any  organism  in  ex- 
ceptional abundance. 

As  one  may  expect  from  the  description  of  the  sections,  the  quantity 
of  coai-se  material  obtained  was  usually  small.  Several  attempts 
were  nuido  to  separate  the  coarse  material  and  to  estimate  it«  pei*- 
centage  to  the  amorphous  matter,  but  repeated  drying  and  w^ashing 
failed  to  break  up  small  hardened  masses  of  chalk  and  the  separa- 
tion was  never  completed  satisfactorily. 

SIiell-frcLgments.  ^The  shell-fragmenta,  as  before,  were  chiefly 
prisms  of  Lioceramus,  while  here  and  there  part  of  a  Pecten,  Rhyn- 
ckonella  or  TerebratxUa  occuired.  In  nearly  all  specimens  minute 
spines  referable  to  Hemiaster  or  Pseudodiadema  were  found.  In 
that  from  Telegraph  Hill,  near  Cerne,  there  were  a  number  of 
spines  of  a  kind  not  noted  in  any  other  locality.  They  somewhat 
resemble  the  fistulous  spine  of  Dkulcma  figured  by  Wright  (plate 
xiv.,  fig.  2,  c,  British  Fossil  Cret.  Echinodermata,  Pa/a?a7i^. /S'oc). 
Coprolit^,  Fish  teeth  or  scales  were  rare. 

Sponge-spicules  do  not  occur,  with  the  exception  of  some  glau- 
coniticrods,  and  are  not  recorded  from  any  locality.  Fragments  of 
Bryozoa  occur  less  commonly  tlian  in  the  Chalk  Marl. 

F&raminif era.— The  species  isolated  from  the  washings  and 
residues  of  this  zone,  were  identified  by  Mr.  F.  Chapman. 
They  are  distril)Uted  amongst  thirty-three  genera,  as  follows :  — 


Family. 

Genera. 

No.  of 
species. 

Milioliilie 

Nubeciilam    - 

1 

Spirolociilina  - 

'         2 

MilioUna 

I 

Astrorhizidic 

Rhizaramina  - 

2 

LituoHdai 

Rcophax -        -        - 

1 

Haplophragmiuni  - 

4 

Placopsilina     - 

1 

Lituola    - 

1 

Aminodiscus  - 

4 

Trochammiiia 

2 

New  species. 

New  species. 
One  new  species. 

One  new  species. 


One  new  species. 
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Family. 

Genera. 
Tcxtulariji 

No.  of 
Species. 

— 

TextulariidaB  - 

9 

One  new  species. 

Vernciiiliiia     - 

Tritaxijv  - 

2 

Spiroplccta 

2 

Gaiulryina 

5 

One  new  species. 

Bulimiua 

9 

lioliviiia  -        -        - 

1 

Pleurostoniella 

2 

One  new  species. 

Lagenidc 

Lageiia    -        -        - 

2 

Nodosariii 

4 

Frond iciilaria  - 

2 

Rhabdogoiiiuni 

1 

1 

Marginuliiia    - 

1 

V'aginulina 

2 

Cristellaria 

7 

Poly  1  nor  pliiiia 

1 

lliimulina 

2 

Globigerinidae 

Globigorina     • 

3 

Rotaliid^ 

DLscorhina 

1 

Truncatiilina  - 

1 

Anoinalinji 

1 

Pulvinulina     - 

1 

RoUilia    -        -        - 

o 

The  total  niimlxjr  of  sjxjcieH  Ih  82,  and  of  these  lifty-eight 
occur  in  the  Gault,  Hixteen  do  not  occur  in  that  deposit,  and 
eight  are  new  to  scienct*.  The  assemblage  as  a  whole  is  very 
similar  to  tliat  of  the  underlying  zone,  though  it  contains  three 
genera  not  recorded  in  the  latter,  viz.,  Plncopsilina,  Lituola  and 
Pidvinulinu;  on  the  other  hand,  no  example  of  the  genus 
Flahdlina  has  been  olxserved  in  this  zone. 

The  difTerence  in  the  Foraminiferii  found  in  the  specimens  from 
North-west  Norfolk  and  north  of  the  Wash,  when  compared  with 
those  from  the  stime  zone  in  the  Midland  and  Southern  Counties, 
is  even  more  striking  than  in  the  z<jne  of  Am.  varians.  Thus 
in  the  acid  residuew  (the  northern  cbalk  is  too  hard  to  wash)  of 
live  specimens  from  North- West  Norfolk,  Lincolnshire,  and  York- 
sbire  the  families  of  Miliolidie,  Astrorhizidte,  and  Lituolidap  are 
represented  by  six  genera  and  twelve  siX'ciea,  the  majority  occurring 
plentifully.  In  these  five  sjx^cimens  AmmfKlwcus  incertus  and  Am. 
clmroides  occurred  in  every  one,  Ammodlscu.^  gordialis  in  three, 
and  Amm/discua  fenuis  in  two;  species  of  Haplophragrriium 
occur  in  all,  one  of  which  is  new  and  seems  peculiar  to  the  North  : 
it  occurred  in  three  out  of  the  five  specimens.  Two  species  of 
Sinroloculina  occur  only  in  North-west  Norfolk  and  Yorkshire. 
Reophax  Twdulosa  is  another  form  especially  characteristic  of 
this  northern  chalk.  Only  one  s}x»cimen  of  Textvlaria  was  isolated, 
and  tlu'ee  species  of  Bulimina,  none  of  them  common.  The 
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Gaudryina  are  represented  by  Gaudryina  pupaides  and  G.  dispansa, 
the  former  not  very  common ;  the  latter  with  Lituola  pldcenttda 
were  only  fovmd  at  Speeton.  Tritaxias  are  absent.  All  the 
Foramintfera  are  of  small  size. 

Tm*ning  now  to  the  residues  of  nine  specimens  of  tliis  zone 
from  Dorset,  Kent,  and  Herts,  we  find  the  families  of  Miliolidae, 
AstrorhizidfiB,  and  Lituolidae  represented  by  five  genera  and  only 
six  species,  and  all  of  them  are  comparatively  rare.  The  genus 
Textularia  is  represented  by  eight  species,  some  very  common; 
Tritaxia  by  two  species,  generally  present;  Gaudryina  by  three 
species,  Gaudryina  pupoides  being  veiy  common  ;  Bulimitui  by 
eight  species,  Bulimina  Presli  and  B.  brevis  being  abundant.  With 
the  exception  of  Haplophragmium  nonionoides  and  one  or  two 
doubtful  specimens,  none  of  this  genus  were  noted  in  this  zone 
in  the  southern  counties.  Most  of  the  species  w^ere  large,  bold 
forms,  and  differed  in  this  respect  very  markedly  from  those  of 
the  north. 

As  in  the  zone  of  Am.  varians,  the  families  of  the  Ijagenidae,  Globi- 
gerinidaB,  and  Rotaliidse  were  very  generally  distributed  through- 
out the  softer  chalk  of  this  division,  and  were  all  foimd  in 
specimens  obtained  from  the  southern,  south-eastern,  and  south- 
western counties. 

Of  the  Tiagenidae,  Cristdlaria  was  the  most  common,  Cristellaria 
gavltina  occm^ring  generally,  none  of  the  others  being  of  frequent 
occurrence.  Globigerina.  cretacea  occiured  everywhere,  the  speci- 
mens large.  Although  GlobigeriTue  are  among  the  most  prominent 
forms  recognisable  in  thin  slices,  their  proportion  to  the  mass 
of  the  rock  is  very  small.  Amongst  the  Rotaliida^,  Anmnaliiia 
ammonoidcs  was  generally  abundant. 

OiJ^rococJa.— Valves  of  Ostracods  are  not  very  connnon  in  this 
zone.  The  only  ones  isolated  were  Bairdea  subdeltoidea  (Muenst.), 
Cytlieris  ornumeiitissimum  (Reuss),  Cyfhere  koninckiana  (Bos- 
quet), and  Cytherella  Mucnstcri  (Roemer),  all  of  which  occur  in 
the  zone  below. 

Finest  Material. 

The  amorphous  calcareous  material  which  constitutes  so 
large  a  proportion  of  the  upj^er  imit  of  the  Grey  Chalk  ditVei-s 
from  that  of  the  Chalk  Miirl  in  being  in  a  finer  st^ite  of 
division  ;  the  larger  part  of  it  consists  of  minute  calcitic  particles 
which  give  no  hint  of  their  derivation.  The  larger  definite  calcitic 
crystals  described  on  p.  291,  are  lei^s  common,  and  the  fragnKUuS 
which  can  still  be  recognised  as  pieces  of  shell  or  portions  of  thi 
tests  of  Foraminifera  are  less  abundant  than  in  the  Chalk  Marl. 
Minute  Pomminifera,  chiefly  Globigerina  and  Textulaiia,  are 
fre  jupntly  very  common  in  the  finest  part  of  the  washings. 

C/vstalloids  are  abundant,  but  we  have  not  been  able  to 
identify  a  coccolith.    Rhabdoliths  may  be  frequently  seen.    Tim 
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inorganic  matter  is  recognisable  in  the  lower  beds  of  this 
division,  but  decreases  upwards,  and  its  effects  are  lost  in  the  upper 
part  of  the  Grey  Chalk. 

Examination  of  the  Residues. 

Detrital  Minerals.— The  quantity  of  detritiil  minerals  in  the 
clialk  of  the  zone  of  Holdster  suf)globosus  is  exceeduigly  small,  but 
there  is  a  sensible  diminution  in  the  coarse  residues  when  the  lower 
parts  of  the  zone  are  compared  with  the  highest  beds.  It  is  prob- 
able also,  as  Mr.  Teall  remarks,  that  if  a  sufficient  quantity  of  chalk 
were  treated  with  acid  and  enough  residue  obtained  all  the 
minerals  foimd  in  the  zone  below  would  occur  at  this  horizon. 
The  grains  of  quartz,  which,  as  usual,  are  most  numerous,  are 
angular,  subangular,  or  rounded,  some  being  more  worn  than 
othera. 

Tlie  lowest  specimen  from  Mupe  Ray  again  stands  first  both  as 
to  the  quantity  of  the  coarse  residue  and  the  dimensions  of  the 
grains,  though  the  quantity  is  estimated  at  only  '12  per  cent,  of 
the  material  used.  The  largest  grains  measure  *55  mm.  in  the 
longest  diameter,  the  average  being  *14  mm.  Dr.  Hume*  notes 
a  single  grain  in  the  Grey  Chalk  of  Culver  Cliff,  the  length  of 
which  exceeded  15  mm. 

Outside  Dorset  the  maximum  length  of  any  grain  recorded  in 
the  residues  does  not  exceed  *3  mm.  in  the  Chalk  of  the  southern 
covmties,  though  in  Yorkshire  they  slightly  exceed  this,  the 
largest  measuring  '38  mm. 

The  residues  from  the  Lower  Chalk  wepe  submitted  to  Mr. 
Teall,  w^ho  reports  as  follows : — 

The  foreign  clastic  material  is  of  the  same  type  as  that  already 
describee^  from  the  Chloritic  Marl.  Quartz  is  the  most  abimdant 
constituent,  and  is  always  present.  One  specimen,  that  from 
Mupe  Bay,  20  ft.  above  the  top  of  the  Chloritic  Marl,  was  ex- 
amined in  detail,  and  the  following  minerals  were  recognised  : — 
Quartz,  microcline,  garnet,  zircon,  rutile,  ilmenite,  and  tourma- 
line. Orthoclase  and  oligoclase  are  probably  also  present.  There 
can  be  little  doubt  that  if  equal  quantities  of  the  other  residues  had 
been  examined  in  the  same  way  similar  results  would  have  been 
obtained. 

Li  addition  to  the  foreign  clastic  material  idiomorphic  pyrite 
occiu^  in  the  specimen  4  feet  above  the  red  chalk  and  35  feet  below 
the  Belemnite  Marl  at  Speeton — in  the  former  as  cubes,  sometimes 
in  combination  with  octahedra ;  in  the  latter  as  octahedra,  some- 
times modified  by  the  cube.    (J. J.H.T.) 

Secondary  Minerals. — Glauconite.— This  is  a  rare  mineral  in  the 
zone  of  Holaster  subglobosvs,  though  it  can  be  recognised  here  and 
there  in  the  thin  sections  of  specimens  obtained  along  the  outcrop 
of  the  chalk  between  Wallingford  and  Devonshire  as  high  as  the 

*  Chemical  and  Micro-Mineralogical  Researches,  p.  36. 
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Belemnite  Marls,  but  in  those  obtained  along  the  South  Coast  east 
of  Portland,  and  in  the  Midlands  north-east  of  Buckinghamshire, 
glauconite  grains  are  of  rare  occurrence,  especially  in  the  higher 
parts  of  the  zone,  and  are  only  seen  in  the  residues  when  a 
quantity  of  chalk  lias  been  treated  with  acid.  In  the  chalk  of 
this  zone  from  Lincolnshire  and  Yorkshire  it  is  also  rare.  Dr.  Hume 
notes  it  as  infilling  the  teats  of  Foraminifera  in  the  Isle  of  Wight, 
and  a  few  rods,  probably  residuary  sponge  spicules,  were  fovmd  in 
the  residue  of  a  specimen  from  Cerne  Abbas,  Dorset.  Glau- 
conite, however,  occurs  in  a  specimen  of  bluish-grey  chalk  from 
Eastbourne,  and  abundantly  in  the  "  Rig  **  of  Ivinghoe. 

In  both  the  samples  last  mentioned,  and  more  sparingly  in  the 
Chloritic  Marl  and  in  the  Clialk  Marl,  there  are  masses  of  amor- 
phous green  matter  easily  pulverised  when  dry,  forming  a  tough 
cake  if  damp*  when  subjected  to  pressure.  In  the  residues  it 
is  seen  to  be  porous,  as  though  there  had  been  included  in  its 
mass  minute  calcitic  particles  which  had  Ijeen  dissolved  out  by  the 
acid.  Heated  on  platinum  foil  it  turns  to  a  red-brown  like  iron 
oxide.  It  is  found  associated  with  the  glauconitic  grains  in  the 
Totternhoe  Stone  of  Arlesey  (Bedfordshire)  and  Heacham,  (Norfolk), 
and  the  amount  of  it  equals,  if  not  exceeds,  that  of  the  glauconite, 
while  in  the  "  Hag  "  of  Ivinghoe  it  predominates.  Like  glauconite, 
it  fills  the  tests  of  Foraminifera,  forming  casts,  but  it  also  occura 
in  irregular  lumps  or  masses  of  comparatively  large  size,  far  larger 
thiin  any  glauconitic  grain. 

There  may  be  some  relation  between  this  green  amorphous 
matter  and  the  Cireen  Muds  described  in  the  report  of  Deep  Sea 
Deposits  of  the  Challemjer  Exixxlition.  *  "  There  Ls  also,"  Siiys  Sir 
John  Murray,  "  in  these  muds  mixed  with  glauconite  a  greenish 
amorphous  matter  which  in  part  at  least  appears,  to  be  of  organic 
origin,  for  it  blackens  on  Ijeing  heated  on  platinum  foil  leaving  an 
ash  coloured  with  oxide  of  iron.  Tliese  muds  and  sands,  ai-e  almost 
always  developed  along  bold  and  ex|Kxsed  coasts  where  no  very 
large  rivers  pour  their  detritiil  matters  into  the  sea."  The  de[)()sits 
in  which  this  material  occurs  most  abundantly  are  certabily  free 
fi'om  much  coai'se  sandy  material,  and  do  not  compare  in  this 
respect  with  those  sandy  beds  at  the  base  of  the  clialk  where  glau- 
conite occurs  in  the  greatest  profusion. 

Marciisite  and  Iron  Oxide^'i.So  bright  brassy  nodules  of  Mar- 
casite  occur  in  any  of  the  residues  of  this  zone,  though  it  is  probable 
that  small  brown  nodulas  and  cylinders  found  in  manv  residues 
may  arise  from  the  oxidisation  of  this  material.  Masses  of  porous 
ferruginous  matter  sometimes  form  a  large  part  of  the  residues. 

In  order  to  see  if  any  differences  existed  between  the  material 
of  the  isolated  bluish-grey  patches  so  frequently  seen  in  the  Lower 

*  Daep  Sea  Deposits.    Keport  of  the  Challettger  Expedition,  p.  236. 
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ohalk  and  the  whiter  rock  which  immediately  surrounds  such 
patches,  the  Rev.  W.  R.  Andrews,  at  our  request,  kindly  forwarded 
to  us  examples  from  Eastbourne. 

The  results  of  our  examination  show  that  the  bluish-grey  chalk 
contained  a  lai»ger  proportion  both  of  fine  and  coarse  residue 
than  the  w^hiter. 

In  the  bluish-grey  example  118  ])er  cent,  of  coarse  residue  was 
separated  from  tlie  clay  (neiirly  half  of  this  was  the  green  matter 
described  above),  thei^e  were  a  v(»ry  few  glauconitic  grains, 
the  remainder  was  foraminiferal  debris  and  sponge-spicules.  In 
the  whiter  chalk  only  20  percent,  of  coiii-se  residue  was  separated, 
nine-tenths  of  which  was  foraminiferal  debris  with  some  sponge- 
hpicules ;  the  remainder  consisted  of  small  masses  of  ix)rous  iron 
oxide,  with  only  one  or  two  grains  of  glauconite.  The  Foramhii- 
fera  isolated  fi-om  the  two  Siimplra  were  identical,  and  in  neither 
were  there  free  quartz-grains  of  any  size. 

The  clay  separated  was  ratlier  dark  grey  in  the  bluish,  and 
gi'ey  inclining  to  a  brownish  tint  in  the  whiter  chalk.  While 
washing  the  latter  a  kind  of  heavy  flocculent  matter  wtxs 
observed,  which  settled  quickly  and  doubtless  carried  with  it  some 
of  those  finer  pai'ticles  which  would  otherwise  have  lemained 
with  the  coarse  residue. 

Thus,  it  seems,  the  chief  difference  in  these  two  sample^  is  the 
j)re8ence  of  green  matter  in  the  bluish-grey  chalk  and  it«  absence 
in  the  whiter. 

The  diflference  in  the  weight  of  the  fine  residue  is  remarkable 
in  a  deposit  otherwise  resembling  Ciicli  othei*.  dm  it  1x3  that 
in  the  whiter  chalk  the  green  matter  has  IxKJome  oxidiztnl,  and 
that  the  salts  of  iron  so  formed  ha\  e  l)een  removed  by  i)ercolating 
water  ? 

Though  the  green  matter  seen  in  the  cuai'se  residue  was  in  small 
lumps,  yet  it  may  b3  distributed  through  the  chalk  in  particles  too 
small  for  separation.    We  have,  however,  been  unable  to  detect  it. 

Tabulation  of  Results. 

Appended  will  be  found  a  table  of  the  re.sults  of  the  analysis  of 
sixteen  specimens  of  the  chalk  of  this  zone  from  various  l(K*alities 
and  horizons.  We  are  indebted  to  Mr.  H.  B.  Woodward,  foi 
sending  the  two  s|ieciniens  from  the  Isle  of  Wi«^ht,  and  to  the 
Rev.  W.  R.  Andrews  for  two  sam[)les  from  n  »ar  K;istlx)urne.  The 
remainder  are  of  our  own  collectinir :  — 
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Stunmary  of  Chemical  Results. 

One  of  the  chief  features  obeervable  in  the  series  of  analyses  of 
specimens  of  this  zone  given  below  is  the  gradual  approach  to  uni- 
formity in  the  deposit  throughout  its  range  from  the  west  of  Eng- 
land to  Hertfordshire,  and  it  will  be  observed  that  the  analyses 
do  not  show  the  marked  differences  which  occur  in  the  lower  zone. 


SpeclmeDi  from 

sort  to  70ft.  below 

the  zone  of 

Bel.  plena. 

Mupe 
Bay. 
20ft. 
below 
the  Bel. 
Maris. 

Cerne 

euft. 

below 

the  Bel. 

Marls. 

Isle  of 

Wight 

76rt. 

below 

the  Bel. 
Marls. 

Dover 

70lt. 

below 

the  Bel. 

Marls. 

•12 
ir84 

Oitchin 

65ft. 

below 

the  Bel. 

Marls. 

Hun- 
stanton 

15ft. 

from 
base  of 

sooe. 

Speeton 

(1;.  15ft. 

above 

Gruy 

Bed. 

8p?eton 

(2),  26ft. 

above 

Grey 

Bed. 

Per  cent,  of  coarse 

reeldne 
Per  cent,   of    fine 

residae 

10-67 

•19 
9-82 

•16 
7-07 

•06 
913 

•04 
2*84 

•76 
12^24 

•16 
6^e2 

Total  per  -cent,  of 
reaidne 

n-85 

10-01 

7-22 

11-46 

919 

2-88 

13-00 

6-78 

The  Dover  specimen  contains  the  largest  percentage  of  fine  clay. 
In  the  Isle  of  Wight  there  must  have  been  a  rapid  cessation  of  the 
influx  of  the  clay  noted  in  the  underlying  zone,  the  quantity  de- 
creasing to  7^  per  cent.  Similar  conditions,  however,  obtain  in 
Hertfordsliire.  To  the  north-eastward  of  Hertfordshire  the  Chalk 
becomes  still  more  pure,  and  at  Hunstanton  there  is  little  difference 
between  this  zone  and  the  one  below  it.  The  Speeton  specimens 
again  show  an  increase,  and  the  lower  one  contains  more  fine  mud 
than  any  of  the  others. 

The  percentage  of  coarse  residue  again  shows  progressive  decrease 
from  west  to  east.  That  of  the  South  Dorset  specimen  still  con- 
tains a  larger  percentage  of  free  sand  than  any  other,  and  both  in 
this  and  the  next  above  it  sand-grains  are  conspicuously  abun- 
dant, but  at  Dover  and  Hitchin  the  coarse  residue  is  largely 
foraminiferal  dibris.  The  same  remark  applies  to  the  Speeton 
specimens.  The  greater  part  of  the  coarse  residues  consist  indeed 
of  mineral  particles,  but  they  are  the  extremely  minute  grains  which 
are  selected  by  the  arenaceous  foraminifera  for  the  formation  of 
their  tests  and  the  debris  of  these  usually  forms  the  largest  pirt  of 
the  coarse  residue. 

In  the  next  series  selected  the  specimens  are  all  taken  as  nearly 
as  possible  to  the  same  horizon,  just  a  few  feet  beneath  the  IJelem- 
nite  Marls,  the  summit  of  this  zone. 


Specimens  within 
6ft.  of  the  Bel.  Marls. 

Mupe 
Baj. 

Cerne. 

Dover. 

Hitchtn, 
lierU. 

Hunstan- 
ton, Nor- 
folk. 

Tx)utli, 
Lines. 

•on 

r678 

Speeton, 
Yoiks. 

Per    rent,   of   coarse 

residue. 
Per     cent,     of     flne 

residue. 

•17 
879 

•19 
9*82 

•10 
6-51 

-02 
3-56 

•09 
413 

•09 
1-72 

Total    per    cent    of 
residae. 

9-96 

10-01 

6-61 

8-58 

4-22    1       1"689 

1 

1-81 
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These,  as  before,  show  a  gradual  decrease  in  the  amount  of  residue 
from  west  to  east,  but  a  point  to  be  noticed  here  is  that  the  Hun- 
stanton specimen  contains  a  slight  increase  in  the  percentage  of 
fine  mud  when  compared  with  those  from  Hitchin,  Hertfordshire, 
and  Louth,  Lincolnshire.  The  Belemnite  Marls  are  absent  in  North- 
west Norfolk,  and  it  is  possible  the  fine  mud  which  we  shall  see 
present  in  the  next  zone  may  have  reached  this  district  in  suffi- 
cient quantities  to  affect  the  deposit,  but  not  enough  to  form  the 
marked  marly  bed  which  exists  where  the  sub-zone  of  Actinocamax 
plenus  is  well  developed.  The  specimen  was  taken  about  (5  feet 
below  well-marked  Melbourn  Rock.  At  Cerne  there  is  also  a  higher 
percentage  of  fine  mud  ;  in  this  locality  inorganic  matter  is 
found  in  the  clialk  for  some  distance  below  the  Melbourn  Rock, 
and  it  is  possible  that  this  specimen  is  affected  by  the  incoming  of 
fine  mud  which  reached  its  climax  in  the  Marls  above- 
Taken  as  a  whole,  specimens  of  this  zone  show  a  gradual  decrease 
of  fine  inorganic  material  when  each  locaUty  is  compared  in  vertical 
section. 

P.  The  Belemnite  Marls. 

Macroscopic  Aspects. 

The  appearance  of  the  Belemnite  Marls  is  everywhere  that  of  a 
marly  clialk,  breaking  into  thin  laminae  imder  the  influence  of 
weather.  Tliough  usually  soft,  in  a  few  localities,  notably  at  Louth 
in  Lincolnshire,  the  marl  is  indurated  by  infiltrated  calcite,  and  is 
somewhat  liard. 

The  colour  is  most  frequently  grey  with  a  greenish  tinge,  but 
at  Dover  (Kent)  and  at  Brockham  (Surrey)  it  is  a  pale  yellowish 
grey ;  at  South  Cave  ( Yorkshii'e)  the  colom*  is  grey  with  inter- 
calated layers  of  almost  black  clay. 

In  the  counties  of  Bedford,  Hertford,  and  Cambridge,  especially, 
but  in  other  localities  also,  the  Belemnite  marls  are  separated  into 
two  beds  by  a  hard,  smooth,  white  rock,  the  character  of  which  is 
very  constant.  It  consists  wholly  of  "  spheres  "  and  amorphous 
matter,  foraminifera  and  shell-fragments  being  rare.  This  bed  of 
hard  white  chalk  appears  to  be  broken  up  in  some  localities,  and 
a  nodular  rock  occupies  its  place.  The  nodules  of  this  rock  have 
the  same  structure  of  the  hard  white  bed,  the  surrounding  matrix 
being  full  of  shell-fragments. 

Microscopic  Aspect. 

The  appearance  of  the  Belemnite  marls  from  various  localities 
when  viewed  under  the  micrascope  in  thin  sections  was  as  follows  :  — 

A  specimen  from  South  Cave,  Yorkshire  (very  dark  bluish-grey 
in  colour). — Fina  amorphous  matter  predominates.  It  appears  to 
be  largely  inorganic,  and  is  full  of  opaque  particles ;  niinute  mineral 
grains  occur  throughout.  No  foraminiferal  cells  or  "spheres'* 
occm',  but  there  are  a  few  small  shell-fragments. 
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Lincolnshire,  two  miles  we«t  of  Barton-on-Huml)er. — Chiefly 
amorphous  matter,  but  more  calcareous  than  the  last;  a  few 
minute  mineral  gi'ains  can  be  seen,  and  several  others  of  a  bright 
green  colour  (probably  glauconite)  occur.  Small  calcareous  par- 
ticles, probably  of  shell,  are  sparingly  scattered  through  the 
matrix,  but  there  are  no  "spheres,"  and  very  few  foraminiferal 
cells. 

In  Bedfordshire,  Hertfordshire,  and  Cambridgeshire  the  marl  is 
full  of  small  particles  of  shell,  foraminiferal  cells,  "  spheres,''  a  few 
larger  Globigerince  and  here  and  there  a  Textularia  ;  the  relative 
amount  of  the  recognisable  organic  ingredients  varies  greatly,  the 
tot4il  varying  from  30  to  80  per  cent.  For  example—in  the  lowei' 
liand  at  Pitstone,  Jiear  Tring,  about  60  per  cent,  of  the  Marl 
consists  of  *'  spheres,"  and  cells,  with  a  few  larger  Foraminifera 
and  shell-fragments,  "  spheres  "  largely  preponderating. 

Near  Luton  the  upper  marl  bed  chiefly  consists  of  amorphous, 
structureless  material  with  few  "  spheres  "  or  cells  or  larger  Glohi- 
gerincB,  but  the  mass  is  full  of  minute  calcitic  particles,  probably 
shell,  with  a  few  larger  fragments.  At  Cadwell,  near  Hit  chin, 
where  the  hard  white  rock  which  occurs  between  the  marly  bands 
has  been  bioken  up  and  a  nodular  rock  takes  its  place,  the  marl 
is  very  full  of  coai-se  shell-fmgments,  **  spheres  "  and  Foraminifera, 
shell-fragments  predominating,  the  recognisable  organic  particles 
l)eing  from  70  to  80  per  cent,  of  the  Marl.  At  Litlington,  near 
jRoyston,  the  marl  has  a  similar  shelly  character. 

A  specimen  from  Winchester  also  consists  largely  of  amorphous 
material.  Mineral  grains  are  rare.  Foraminiferal  cells,  "spheres," 
minut«  Glohi(jerinu>f  with  a  few  larger  ones,  are  common,  and  aie 
accompanied  by  many  small  shelly  pii'ticles. 

At  Cerne,  in  Dorset,  the  material  is  chielly  amorphous,  with  small 
particles,  probably  deriv(xl  from  shells  scattered  spiiringly  through- 
out it,  and  hero  and  there  a  c(xii*ser  fragment ;  but  few  forami- 
niferal cells  or  *\spheres."  Mineral  grains  of  minute  size  can  be 
discerned  throughout  the  mass. 

Li  specimeiLS  from  the  south  coast  sections,  the  Isle  of  Wight, 
Jiastbourne,  and  Dover,  shelly  particles  are  rarer,  large  foranii- 
jiifera  are  more  frequently  seen,  but  cells  and  "  spheres  "  are  often 
extremely  abundant,  esix^cially  at  Dover. 

Examination  of  Washings. 

Portions  of  most  of  the  specimens  which  were  treated  with  acid 
were  also  broken  up  in  water  and  the  finest  jDart  i*emoved  by  leviga- 
tion.  As  there  is  some  difTerence  in  the  results  from  this  process 
in  each  specimen  they  will  be  considered  separately. 

South  Cave. — After  washing,  the  coarse  particles  of  this  specimen 
resolved  themselves  into  thin,  fiat,  flaky  fragments,  which  remained 
intact   after   repeated   wetting   and   drying.    Foraminifera   were 


LoWEtt  CHALK— MtCftOGftAMlC  STRtCTtTftR.  321 

veiyrare,  all  of  those  found  were  Trochammina  concava,  except 
a  single  specimen  of  Pleurostomella  alternans.  A  few  shell-frag- 
ments, chieHy  //tocprai/ii/^-prisms,  occurred,  and  one  or  two  pieces 
apparently  fish-scales.  There  were  also  two  grains  of  glauconite  ; 
this  mineral  did  not  occur  in  the  acid  residue. 

The  finest  material,  though  containing  a  large  iDercentage  of  cal- 
careous particles,  contained  also  much  inorganic  matter.  This  was 
in  the  form  of  fine  clay,  but  in  it  were  many  minute  mineral  par- 
ticles too  small  for  identification,  but  which  give  a  decided  reaction 
with  polarised  light.  Minute  opaque  particles  abouitded,  and 
there  were  also  many  minute  oj)aque  masses  of  irregular  yet  more 
or  less  globular  fonn.  Few  of  these  exceed  *  01  nun.  in  diameter, 
which  precludes  the  idea  that  they  may  be  *' spheres''  infilled  with 
opaque  matei-ial. 

Tlie  calciireous  jmrticles  were  chiefly  minute  calcitic  crystals 
giving  no  clue  to  their  derivation.  Larger  particles,  probably  derived 
from  shells  or  from  Foraminifera  and  crystalloids,  were  far  less 
abundant  than  in  Southern  specimens. 

Cern4i  A&kt^.^Foraminifera  were  fairly  common  in  this  spetu- 
men,  but  they  were  very  small,  and  many  minute  Textulariti  and 
GlM^eriiui  came  away  with  the  finer  parts  of  the  marl  when 
washed.  None  were  isolated.  The  coarsest  particles  consisted  chiefly 
of  /nocerami/s-prisms  broken  into  small  pieces  and  a  few  valves  of 
Ostraanla,  and  one  or  two  broken  Echinoderm  spines. 

The  finest  material  seemed  to  consist  largely  of  calcitic  particles, 
and  crystalloids  were  coimnon  though  hardly  abundant.  The 
inorganic  material  wius  an  extremely  fine  clay  with  a  few  minute 
mineml  jxirticles. 

II  if  chin  (lower  jjand). — This  contained  a  good  many  Foramini- 
fera and  Ostracod  valves.  There  were  also  several  minute  and 
broken  Pk'hinoderm  spines,  and  the  (xssicles  of  a  starfish  were 
also  common.  No  large  shell-fragments  occurred  amongst  the 
coai'ser  fiarticles,  the  whole  Ix^ing  much  broken  up.  The  amor- 
phoiLs  matter  consisted  largely  of  minute  calcitic  jxirticles,  amongst 
which  crystalloids  were  abundant. 

Dover.  — In  the  Dover  marl  Foraminifera  are  still  more  abundant, 
and  several  s[)ecies  of  Ostracods  occurrwl.  The  coarsest  calcareous 
])articles  included  jilates  and  spinels  of  J<x;hinoderms,  calcareous 
bodies  of  pt^culiar  character  which  are  prolxibly  ossicles  of  star- 
fish (see  luge  olO),  a  few  flat  shell-fragments,  and  portions  of  what 
api)eared  to  be  a  RhyncJionctla  and  /noccramus  prisms.  Two  or 
three  minute  fish-teeth,  ovoid  coprolites,  and  some  piec^es  of  scales 
were  also  found.  Although  there  is  considerable  divemty  in  these 
coarser  jxirticles  the  actual  amount  of  them  is  not  large. 

In  the  finest  washings  small  Foraminifera  were  very  common, 
consisting  chiefly  of  small  (ibMgcrina,  Textulariii  and  *" spheres"; 
orystalloida  are  also  abundant. 
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The  number  of  species  of  Foraminifera  obtained  from  the  resi- 
dues by  washing  specimens  of  the  Belemnite  Marls  from  Dover 
and  from  the  lower  band  from  Hitchin,  with  others  from  the  acid 
residues,  is  34.  The  families  and  genera  identified  by  Mr.  F. 
Chapjnan  are  as  follows  :  — 


Family. 

1 

Genera. 

No.  of 
species. 

Miliolidsc, 
AstrorhizidjB 

Not  represented. 
Rhizaiumina  - 

1 

Lituolidsc 

Haplophragniium  - 
AniiuodiBcus  - 

2 

4 

One  new  species. 

Trochamniina 

1 

Textulariidae  - 

Textularia 

3 

Verneuilina    - 

1 

Qaudryina 
Bulimina 

2 

4 

Pleurostomella 

1 

Lagenidso 

Nodosaria 
Frondicularia  - 
Flabellina 

2 
1 
1 

A  fragment. 

Vaginulina     - 
Oristellaria 

1 
3 

QlobigerinidaB 
Rotaliido) 

Polyniorphina 
Qlobigerina    - 
Truncatulina  - 

1 

1 
2 

Anomalina 

3 

One  new  var. 

At  this  horizon  Ammodiscus  incertus,  and  A.  charoides  are  now 
of  common  occurrence  both  at  Dover  and  Hitchin,  the  same  forms 
also  occurring  in  a  specimen  from  Betch worth,  Siurey.  With  this 
exception  the  assemblage  as  a  whole  is  similar  to  that  in  the  zones 
below,  and  in  all  probability  if  more  specimens  from  a  more  extended 
area  had  been  examined  the  similarity  would  be  still  greater. 

•The  valves  of  the  following  Ostracods  were  isolated  from  the 
Dover  specimen  of  this  zone  and  identified  by  Mr.  Chapman  :  — 

Bairdia  suMeltoidea  (Miinst,  sp.) 
Paracypris  siliqua  (Jones). 
Bytliocypris  BrowTiei  (Janes). 
Cythereis  (sp.). 

Valves  of  Ostracoda  also  occurred  in  a  washing  of  the  lower 
marl-band  at  Hitehin  and  im  the  marl  of  Betchworth. 

Examination  of  the  Residues. 

Detrital  Minerals.  The  minerals  which  have  at  pre^sent  Ix^en 
recognised  in  this  zone  are  Quartz,  Zircon,  Tourmaline,  and  Ortho- 
clase.  Mr.  Teall  writes  tliat  the  residue  from  the  sample  of  the 
lower  marl  band  at  Hitchin,  submitt^  to  him  for  examination, 
contained  many  grains  of  the  last-mentioned  mineral. 
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Grains  of  Quartz  measuring  "GA  mm.  occurred  in  the  Ceme 
Abbas  and  South  dive  examples,  but  the  size  seems  exceptional, 
and  only  one  or  two  gi'ains  in  each  case  were  so  large  as  this,  the 
remainder  being  small,  not  exceeding  2  mm. 

Secondary  Minerals.  —  One  or  two  grains  of  Glauconite 
occurred  in  fhe  residue  and  washings  of  the  Cerne  Abbas 
specimen.  Dr.  Hume  says  that  a  few  rods  of  glauconite  occurred 
in  the  sample  from  Eastbourne,  and  a  few  grains  in  that  from 
Swanage.  limonite  and  irregular  masses  of  porous  iron  oxide 
were  noted  in  the  specimens  from  Eastbourne,  Hitchin,  and  Dover. 

Summary  of  Chemical  BeBults. 

The  results  of  the  trejitment  of  six  specimens  of  this  zone  with  the 
acid  solution  are  recorded  in  the  amiexed  table.  One  of  these  is 
from  Dr.  Hume's  Ohemie^il  and  Micro-Mineralogical  Besearches, 
and  two  others  ai*e  from  notes  kindly  sent  us  by  Dr.  Hume. 

It  will  be  observed  that  there  is  in  this  zone  a  sudden  increase 
in  the  amount  of  fine  clay.  This  increase  is  most  marked  near  the 
extreme  south-west  and  north-east  points  of  the  area  we  are  de- 
scribing. At  Swanage,  Dorset,  the  amount  of  fine  residue -is  37*  0('» 
per  cent. ;  at  Cerne  Abbas,  Dorset,  30*  33  per  cent.,  or  20  per  cent, 
more  than  that  at  the  top  of  the  underlying  zone  ;  at  South  Cave, 
Yorkshu'e,  the  increase  is  from  2  per  cent,  in  the  zone  of  H,  sufh 
ijJofmsus  to  30*33  per  cent,  in  this  zone.  There  is,  however,  no 
corresponding  increase  of  the  coarser  inorganic  material. 
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GENERAL    SUMMARY    OF    THE    COMPONENT    MATERIALS 

OF    THE    LOWER    CHALK. 

The  basal  beds  of  the  Lower  Chalk  vary  considerably  in  their 
character.  The  arenaceous  rock  of  Maiden  Bradley  differs  widely 
from  that  of  Folkestone,  and  this  again  from  that  of  Shouldham 
in  Norfolk.  The  basement  bed  in  the  Isle  of  Wight  seems  to 
present  features  intermediate  between  those  of  South  Dorset  and 
Folkestone,  while  that  at  Oeme,  iti  Ntjrth  Dorset,  has  a  character 
peculiar  to  itself. 

Viewed  as  a  whole  they  appear  as  deposits  one  would  expect  to 
find  in  a  sea  which  gradually  deepened  from  West  to  East.  The 
quartziferous  dej)oait  of  Maiden  Bradley  suggests  a  close  approach 
to  an  adjacent  shore  line,  while  the  almormal  thickness  and  sandy 
nature  of  the  Ohloritic  Marl  of  Mupe  Bay  not  only  indicates  the 
contiguity  of  land  but  probably  also  the  action  of  strong  cmM-ents. 

It  is  remarkable  to  find  within  a  mile  of  Mupe  Bay— viz.,  at 
Lulworth,  the  features  of  the  Chloritic  Marl  presenting  so  different 
an  aspect ;  but  even  here,  though  the  quantity  of  the  coarser 
detrital  minemls  is  small,  the  relative  size  of  the  grains  is  large. 

Though  the  coarse  detrital  niaterial  decreases  to  the  eastward, 
the  fine  mud  inci'eases.  None  of  the  Doi*set  specimens  yield  more 
than  15*8  per  cent,  of  clay,  while  Bed  5  at  Compton  Bay,  Isle  of 
Wight,  contained  19*9  per  cent.,  and  that  at  Shouldham  in  Nor- 
folk 28  per  cent.  The  Shouldham  dejxwit  seems  to  indicate 
that  in  Norfolk  there  was  a  closer  approach  to  oceanic  conditions, 
though  this  locality  was  still  within  reach  of  terrigenous  material. 

The  amount  of  soluble  material  in  the  specimen  of  the  basement 
bed  at  Ceme  is  greater  than  any  of  the  others,  but  it  will  be  seen  in 
^  the  sequel  that  this  locality  seems  to  be  out  of  the  reach  of  the  mud- 
bearing  currents,  and  that  the  Lower  Chalk  at  all  horizons  con- 
tains less  fine  mud  and  less  coarse  material  than  specimens  from 
South  Dorset  and  the  coast  of  Devonshire  (Beer  Bay). 

The  glauconitic  sand  of  Folkestone  is  a  greensand  which  may 
be  compared  with  the  greensands  described  in  the  Report  of  the 
ChalU  nger  Expedition .  * 

The  salient  features  of  these  beds  are  so  easily  seen  in  the  table 
(p.  272),  that  further  comment  is  unnecessary. 

In  the  chalk  of  the  Am,  varians  zone  it  will  be  observed  by 
reference  to  the  table  and  general  summary  of  the  acid  residues  that 
fairly  large  quartz-grains  continue  to  oocm*  most  abundantly  in 
the  specimens  from  the  west  of  England. 

In  the  arenaceous  beds  which  represent  this  zone  in  Devonshire, 
the  coiirse  mineral  debris  is  unaccompanied  by  fine  inorganic  matter, 
and  the  matrix  is  practically  a  calcareous  sand  consisting  of  coarse 
particles,  probably  derived   from  the  organisms  which  occur  so 

*  Deep  Sea  DepoBits.     Challe^ujtr  Report,  p.  230. 
4*219,  Y  2 
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commonly  as  fossils  in  these  rocks,  the  intei'sticefl  l)etween  the 
particles  being  filled  with  finer  calcareous  matter  derived  from 
the  same  source. 

At  Mupe  Bay,  South  Dorset,  quartz-sand  forms  a  con- 
siderable part  of  the  residue,  but  it  is  accompanied  by  a  greater 
proportion  of  fine  mud.  At  Cerne  sand  is  also  present  in  some  quan- 
tity, Ijut  as  usual  the  finest  material  is  of  a  calcareous  nature,  and 
the  amoimt  soluble  in  acid  is  larger  than  at  Mupe  Bay. 

Following  the  zone  to  the  northward,  along  the  outcrop  of  the 
Chalk  through  Wiltshire,  Oxfordshire,  and  Berkshire,  the  aspect  of 
the  chalk  when  viewed  in  thin  sections  under  the  microscope  sug- 
gests a  slight  current  action,  the  rock  being  full  of  small,  evenly- 
sized  shell-fragmenta,  and  in  these  counties  there  is  also  an  increase 
in  the  size  of  the  mineral  particles.  Though  fine  inorganic  material 
or  fine  mud  is  ceiiainly  present,  the  amount  of  it  is  not  large. 

Passing  through  Buckinghamshire  into  Bedfordshire  analysis 
show^  that  there  is  a  large  accession  of  fine  mud  in  the  middle 
part  of  the  zone,  both  the  lower  and  higher  parts  containing  a 
larger  percentage  of  soluble  material. 

From  the  evidence  both  of  thin  sections  and  analysis  it  is  clear 
that  at  the  top  of  the  zone  the  proportion  of  inorganic  matter  is 
everywhere  decreasing  and  the  rook  Woming  a  piu'er  chalk, 
though  still  containing  much  terrigenous  material. 

The  fact  seems  now  well  established  that  to  the  north-east  of  Bed- 
fordshire, through  Norfolk  and  Suffolk,  the  rock  passes  laterally  to 
a  pure  chalk.  This  continues  through  Lincolnshire  and  the  greater 
part  of  Yorkshire,  till  at  Speeton  we  again  touch  the  fringe  of  shore- 
line deposits.  It  may  be  remarked  tliat  not  until  the  purer  chalk 
is  reached  do  Glolngeritur  frequently  appear  in  the  thin  sections. 

Returning  to  the  south  coiust  we  find  in  the  Isle  of  Wight  an  in- 
crease in  the  amount  of  fine  mud  in  the  middle  part  of  this  zone, 
as  is  the  case  in  Bedfordshire ;  but  at  Folkestone  there  is  a  gradual 
decrease  in  the  proportion  both  of  coarse  and  fine  inorganic  matter 
ujjwards  from  the  base  of  the  zone. 

In  the  Totternhoe  Stone  at  the  base  of  the  overlying  zone 
we  again  have  evidence  of  the  sweeping  action  of  a  cur- 
rent which  lias  rasulted  in  the  sorting  of  calcareous  and 
minei'iil  pirticles,  but  there  is  no  evidence  of  a  mud-l)earing 
stream.  This  sorting  of  the  coarser  particles  and  the  sweeping 
away  of  the  fine  mud  lias  resulted  in  the  formation  of  a  rock 
which,  when  viewed  in  a  thin  slice  under  the  niicroseoiie,  is  seen 
to  \>e  a  fine,  calcareous  sand,  consisting  chiefiy  of  small  even-sized 
fragments  of  shell  with  a  small  proportion  of  mineral  grains. 

In  the  succeeding  iDeds,  as  we  have  already  seen,  the  chief  feature 
is  the  progressive  decrease  of  terrigenous  material  and  the  gradual 
approach  to  comparative  uniformity  in  the  composition  of  the  mate- 
rial throughout  England.  Features  standing  out  strongly  in  the  zone 
below  are  still,  however,  faintly  repeated  in  this  even  to  its  very 
sununit.    Thus  specimens  from  the  south-west  of  England  still 
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show  the  strongest  traces  of  the  receding  shores  of  the  Cretaceous 
Sea,  and,  as  before,  the  amount  both  of  clay  and  coarse  material 
diminishes  to  the  east.  The  upper  part  of  the  zone,  however, 
becomes  nearly  a  pure  chalk;  nowhere  does  the  amount  of  the 
residue  exceed  10  per  cent. 

In  the  Belemnite  Marls  there  is  a  sudden  increase  in  the  amount 
of  fine  clay.  This  increase  is  most  marked  at  nearly  the  extreme 
south-west  and  noi*th-east  pointe  of  our  area— viz.,  Cerne  Abbas, 
Dorset,  and  South  Yorkshii^e.  At  Cerne  the  residue  increases 
from  10  per  cent,  at  the  sxmimit  of  the  underlying  chalk  to  31  per 
cent.,  and  in  South  Yorks  from  2  per  cent,  to  30  per  cent. ;  at 
Swanage  also  the  amount  of  the  residue  in  the  Marl  is  37  per  cent. 

Although  the  Marls  are  well  marked  in  Sussex,  Kent  and  Herts, 
the  amount  of  clave v  material  is  less  than  at  the  alx)ve- mentioned 
locahties — viz.,  at  Dover  the  increase  is  from  6J  per  cent,  to  18J 
per  cent. ;  at  Hitchin  (Herts)  from  3i  per  cent,  to  19  per  cent.  We 
have  no  record  of  an  analysis  from  the  top  of  the  Lower  CTialk  at 
Eaatboume,  but  the  amount  of  residue  in  the  Marls  is  20  per  cent. 

At  Eastbourne,  Dover  and  Hitchin  Microzoa  are  common  ;  but 
in  Yorkshire  and  Dorsetshire  it  was  difficult  to  find  either 
Foraminifera,  Ostracods,  or  shell-fragments,  though  minute 
Foraminifera  came  away  in  the  fine  washings  of  the  Dorset 
specimen. 

Mr.  Teall  observes  that  the  detrital  mineral  grains  which  have 
been  observed  in  the  Lower  Chalk,  are  such  as  would  arise  from  the 
decay  of  plutonio  and  metamorphic  rocks,  and  it  is  extremely  in- 
teresting to  find  them  distributed  over  the  whole  floor  of  the  Qreta- 
ceous  Sea.    In  no  case  have  minerals  of  volcanic  origin  been  detected. 

With  regard  to  the  debris  of  organisms  which  form  very  fre- 
quently so  large  a  part  of  the  deposit,  Inoceramus  shells  play  an 
important  part.  Prisms  of  the  shell  and  sometimes  larger  frag- 
ments are  found  in  every  specimen,  and  many  of  the  minutest 
particles  are  probably  derived  from  their  disintegration.  Other 
shells  add  theii*  quota  t<j  the  mass  of  the  rock  ;  fragments  of  Ostrea 
Plicatvla,  Pecten,  Rhynchondla  and  TerebrcUvla  have  all  been 
detected,  though  of  less  frequent  occurrence. 

Echinodermal  plates  and  spines,  though  frequently  recorded,  are 
never  a  feature  of  the  deposit,  though  the  ossicles  of  star-fish  occur 
near  the  top  of  the  Lower  Chalk  rather  commonly.  Fragments  of 
Bryozoa,  though  met  with  in  all  zones,  are  not  numerous  enough  to 
suggest  that  any  large  accession  to  the  calcareous  mud  was  obtained 
by  their  decay. 

Sponge  spicules  and  the  results  of  the  decomposition  of  sponge 
structure  play  an  important  role  locally,  and  we  have  seen  in  Dorset, 
Wilts,  and  Berks  that  these  organisms  have  left  marked  evidences 
of  their  former  existence. 

It  is  difficult  to  say  what  proportion  the  Foraminifera  contribute 
to  the  formation  of  the  Lower  Chalk.  Those  species  which  build  up 
their  tests  with  grains  of  sand  are  abundant  in  the  lower  bedi, 
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but  become  distinctly  scarcer  towards  the  summit  of  this  divimou. 
Nothing  is  easier  than  to  wash  a  sample  of  soft  Chalk  Marl  and 
obtain  many  species  and  varieties  not  only  of  arenaceous  Foramini- 
fera,  but  also  of  those  with  poroellanous  and  vitreous  tests.  But 
sections  of  the  rock  never  convey  the  idea  oi  abundance,  and 
none  will  compare  in  profusion  of  Foraminifera  with  those  draw- 
ings of  sections  of  Globigerina  and  other  ooases  published  in  the 
Ghallenger  Report  on  Deep  Sea  Deposits.  (Plates  XI.,  XII.,  XIII.) 
In  fact,  many  sections  of  the  higher  part  of  the  Holaster  subglo- 
bo8U8  zone  seem  almost  devoid  of  Foraminifera.  In  the  finest 
pai*t  of  the  chalk  pieces  of  broken  foraminiferal  tests  are  common, 
but  they  are  far  outnumbered  by  calcareous  particles  and  crystals 
which  give  no  clue  to  their  derivation. 

Taking  all  things  into  consideration,  the  amount  of  material 
which  these  minute  forms  contribute  to  the  formation  of  the  Lower 
Chalk  cannot  anywhere  exceed  20  per  cent.,  even  if  foraminiferal 
**  ceUa  "  are  included ;  it  is  usually  less  than  this. 

In  this  estimation,  however,  **  spheres  "  are  excluded.  In  some 
localities  these  are  extremely  abundant,  and  when  estimated  by 
the  area  they  seem  to  occupy  in  a  thin  section,  sometimes  foi*m  more 
than  half  of  it.  It  must  be  recollected,  however,  that  they  are  all 
filled  with  amorphous  (sometimes  crystalline)  material,  and  the 
actual  amount  which  the  cells  themselves  contribute  to  the  deposit 
is  smaller  than  appears. 

The  greater  number  of  the  species  of  Foraminifera  which  occur 
in  this  division  of  the  Chalk  range  upward  from  the  Gault ;  it 
should  be  stated,  however,  that  these  investigations  have  extended 
the  upward  range  of  many  species.  Of  the  148  species  and 
vai-ieties  identified  in  this  division  of  the  Chalk  102  are  recorded 
in  the  (lault  by  Mr.  Chapman*,  twenty-seven  are  not  recorded, 
and  nineteen  8i)ecie8  and  varieties  are  new  to  science. 

On  the  whole  in  those  parts  of  the  liOwer  Chalk  which  are 
most  purely  calciireous,  and  where  the  quantity  of  recognisable 
jiarticles  exceeds  that  of  the  liner  material,  it  may  \ye  said  that 
particles  of  broken  shells,  and  especially  of  LameUi branch  shells, 
are  tlie  chief  constituent ;  next  in  relative  quantity  are  the 
calcareous  lx)die«  which  we  have 'called  "sphei'es,''  and  thirdly 
Foraminifera  ;  but  at  some  horizons  the  spheres  and  Foraminifera 
combined  form  a  larger  proportion  of  the  mass  than  the  shell- 
fragments. 

It  should,  however,  be  borne  in  mind,  that  though  in  the  pre- 
ceding jmges  prommence  has  Ijeen  given  to  the  definite  grauis 
and  particles  which  can  be  separated  from  the  matrix,  yet  in  most 
samples  of  Lower  Chalk  the  greater  part  of  the  mass  consists  of 
what  has  been  classed  as  "  finest  material,"  and  that  it  is  only  at 
certain  horizons  (as  in  the  Tottemhoe  Stone)  that  the  quantity  of 
recognisable  particles  exceeds  tliat  of  this  fine  material  in  bulk. 

*  Foraminifera  of  the  Ciault  of  Folkestone,  liy  F.  Chapman.  Journ. 
Roy.  Mier,  Soc.  (18J?8). 
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CHAPTER  XXIV. 

CHEMICAL    COMPOSITION    OP    THE    LOWER    CHALK. 

I 

The  beds  of  the  Lower  Chalk  vary  considerably  in  chemical  com- 
position, as  might  be  surmised  from  the  obviously  different  Utho- 
logical  characters  which  they  present  at  different  horizons  and  at 
different  localities. 

The  lowest  beds,  espedally  where  they  rest  upon  greensand,  con- 
tain a  large  amount  of  sand  and  siliceous  matter,  and,  roughly 
speaking,  the  proportion  of  such  matter  decreases  upwards  till  in 
the  higher  and  whitei*  pai*t  of  the  Lower  Chalk  there  is  not  more 
than  9  or  10  per  cent,  of  such  matter. 

The  more  marly  beds,  such  as  are  generally  known  by  the  name 
of  **  Chalk  Marl,"  usually  contain  from  66  to  80  per  cent,  of  car- 
bonate of  lime,  with  sometimes  a  small  quantity  of  carbonate  of 
magnesia,  but  there  is  no  regular  upward  increase  in  the  iH*opor- 
tion  of  carbonates,  for  the  more  piu^ly  calcareous  beds  alternate 
with  the  more  argillaceous  strata,  and  the  former  occasionally 
contain  as  much  as  88  per  cent,  of  carbonates. 

In  South  Yorkshire,  Iiincolnshire,  and  N(H*th  Norfolk  the  Ijeds 
which  represent  the  Chalk  Marl  are  pure  limestones  contaming 
from  85  to  95  per  cent,  of  carbonates. 

The  upper  part  of  the  Ix)wer  Chalk,  that  is,  the  portion  which  is 
alx>ve  the  horizon  of  the  Tottemhoe  Stone,  does  not  vary  nearly 
so  much  in  composition,  seldom  having  less  than  88  per  cent,  or 
more  than  94  per  cent,  of  calcium  carbonate,  the  average  amoimt 
being  apparently  from  89  to  90  per  cent. 

In  the  Beleninite  Marls  at  the  top  of  the  Lower  Chalk  we  have  a 
i-etui-n  to  the  conditions  of  the  Chalk  Marl,  the  proportion  of  calcium 
carbonate  being  reduced  by  admixture  with  from  10  to  20  per  cent, 
of  siliceous  and  argillaceous  matter. 

Analyses  of  Chalk  Marls. 

The  following  are  analyses  (A)  of  "  grey  marl  from  the  lower  part 
of  the  Chalk  Marl,"  and  (B)  "  of  the  harder  part  of  the  marl  above 
the  last "  (A),  both  from  near  Famham,  Surrey.  * 
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A.  B. 

Soluble  silica 2'16  2*11 

Oarbonic  add 29*96  36*73 

Sulphuric  acid -21  '06 

Phosphoric  acid '21  *05 

Lime 41*52  49*16 

Magnesia *30  1*18 

Potash  and  soda 1*90  1*47 

Alumina     - —  *20 

Oxides  of  iron 220  1*74 

Insoluble  matter 21*35  _7-26 

99*81         99*96 

If  all  the  carbonic  aoid  found  by  these  analyses  is  combined  with 
lime  the  amount  of  carbonate  of  lime  in  A  is  08  09  per  cent.,  and 
in  B  83*47  per  cent.,  while  in  each  case  thei*e  is  an  excess  of  lime, 
amounting  to  between  2  and  3  per  cent,  beyond  the  amomits  re- 
((uired  to  combine  with  the  carbonic,  phosphoric,  and  sulphuric 
acids.  ITiis  exc««  was  probably  present  as  silicate  of  lime  in  com- 
bination with  other  silicates. 

Both  sampler  were  probably  taken  from  the  lower  part  of  the 
Lower  Clialk,  i.e.y  from  the  zone  of  Avnrmiiites  mriansy  and,  judging 
from  the  large  quantity  of  insoluble  matter  m  A,  it  must  have  come 
from  near  the  base  of  that  zone. 

In  Wiltshire  and  Berkshire  certain  beds  in  the  lower  and  middle 
parts  of  the  Lower  Chalk,  but  probably  all  included  in  the  zone  of 
Ammonites  variana,  contain  considerable  amounts  of  colloid  siUca 
which  is  soluble  in  a  boiling  solution  of  caustic  potash.  In  Wilt- 
shire, moi'eover,  siliceous  nodules  of  a  dull  grey  colour  often  occur 
in  some  of  these  siUceous  chalks.  Several  analyses  have  been  made 
by  Professor  J.  B.  Harrison  (now  the  Government  Chemist  of 
British  Guiana)  from  samples  sent  to  him ;  two  of  these  analyses 
have  already  been  published  and  are  reproduced  below,.  A  being  a 
sample  from  near  CoUingboume  Kingston  in  Wiltshire,  and  B  from 
a  \wd  at  Chilton  in  Berkshire :—  A.  B. 

Moisture —  1*08 

Combined  wat^r  and  organic  matter  -        -        -       1  '69  3*  18 

Colloid  silicu       -  38-69         19*08 

Quartz 13*41         11*23 

Silicates  (clay  and  glauconite)   -        -        -        -    14*75  *47 

Calcium  carbonate 30 'TT'^      ^.  ^^ 

Calcium    sulphate *49/   __ 

99*80       10000 

In  the  case  of  the  CoUingbourne  material  it  will  be  seen  that  it 
can  hardly  be  called  a  chalk,  for  two-thirds  of  it  consist  of  siliceous 
matter,  less  than  one-third  being  pure  chalk  or  carbonate  of  lime. 
In  the  other  Hjimple  the  proportions  are  reversed,  and  this  is  a  more 
usual  composition,  two  other  partial  analyses  of  Wiltshire  sihoeous 
clialks  showing  totals  of  34  and  35  per  cent,  of  siliceous  matter,  15 
to  *20  per  cent,  of  it  being  soluble  colloid  silica. 

A  chalk-marl  from  Wiltshire  anal3rsed  by  Professor  Voeleker 
in  1858*  was  evidently  one  of  these  siliceous  maris,  but  he  gives 

*  Journ.  of  Bath  and  W.  Eng.  8oc.,  Ser.  2,  Vol.  vi.,  p.  240, 
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no  locality,  only  stating  that  it  '^  oooui-s  in  grey  lumps  at  the  foot  of 

the  Wiltshire  Downs  " : — 

Finely  divided  silica,  soluUe  in  caustic  pot<i8]i  •               -  16*710 

Insoluble  siliceous  matter 6*090 

I   Alumina  and  oxide  of  iron '780 

Lime 40*757 

Magnesia '825 

Potash  and  soda      -       -       -               ....  traces 

•    Phosphoric  acid        -        -                '242 

Sulphuric  acid          -        - 1*546 

Carhonic  acid  and  loss 33*050 


100*000 


.  Assuming  that  all  the  Ume  is  in  combination  with  the  Fhoephorics 
Sulphuric,  and  Carbonic  acids,  and  that  the  Magnesia  is  present 
as  a  carbonate,  the  following  may  be  the  minei*alogical  composition 
of  this  marl:— 

SduUe  silica  (chiefly  as  free  silica) 16*71 

Silica  (as  quartz  and  clay) 6*09 

Alumina  and  oxide  of  iron '78 

Carbonate  of  lime 70*35 

Carbonate  of  magnesia 1*73 

Sulphate  of  lime 2'62 

Phosphate  of  lime '62 

Loss  (by  difference) 1'20 

100*00 

Professor  J.  B.  Harrison  has  also  been  kind  enough  to  make 
partial  analyses  of  two  samples  from  the  zone  of  Attv.  varians  in 
Wiltshire  A  being  a  somewhat  siliceous  ehalk  from  a  quarry 
north-east  of  Clay  Hill,  near  Warminster,  and  B  a  harci  grey 
shelly  chalk,  somewhat  resembling  Tottemhoe  Stone,  from  the 
railway  cutting  at  Upton  Scudamore,  in  the  same  district.  The 
results  are  as  rollow : — 


Water      ".       '        *  "        ' 

Colloid  silica 

Quartz  sand 

Argillaceous  matter  (clay  and  glau- 

conite) 

Calcium  carbonate  (by  difference)*  - 


B. 


•04 
2*28 
3-47 

6*22 
87*99 


100*00 


Mr.  Hill  cut  and  examined  a  slice  of  B.  (see  p.  279)  and  found 
no  globular  colloid  silica  in  it  but  many  sponge-spicules,  the 
walls  of  which  still  consist  of  the  original  colloid  silica,  so  that  it 
is  evidently  to  these  spicules  that  Uie  2*28  per  cent,  of  colloid 
silica  found  by  analysis  is  due.  Grains  of  quartz  and  of 
glauconite  are  fairly  numerous,  and  will  account  for  the  quartz 
and  some  of  the  argillaceous  matter  in  the  analysis.  The 
sample  A  contains  a  small  amount  of  globular  colloid  silica,  as 
well  as  some  sponge-spicules,  sand  and  glauconite. 

*  This  will  include  magnesium  carbonate,  if  auy  wa:)  present. 
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The  following  analyses  of  two  samples  of  Chalk  Marl  from 
Arlesey,  near  Hitchin,  are  part  of  a  series  which  have  been  kindly 
placed  at  our  disposal  by  Mr.  R.  A.  Berry.  They  are  of  special 
value  because,  like  the  analyses  made  by  Professor  J.  B.  Harrison, 
they  are  much  more  complete  than  ordinary  commercial  analyses 
and  a  special  method  has  been  devised  to  separate  the  (|uartz  and 
the  colloid  silica  from  the  clay  and  silicates.  The  carbonic  acid  was 
also  determined  in  every  case  by  direct  weighing,  and  the  amounts 
of  calcium  and  magnesiimi  carbonate  calculated  from  it ;  the 
result  being  to  show  that  a  certain  amount  of  the  lime  always 
remains,  and  this  lime  probably  enters  into  the  composition  of 
the  silicates.  Of  the  two  analyses  given  below,  A  is  of  the  blue 
marl  about  20  feet  below  the  Totternhoe  Stone  (see  p.  188),  and 
B  is  of  a  grey  marl  about  6  feet  below  the  same  horizon  : — 


LosB  on  ignition  - 
Calcium  carbonate 

phosphate 

sulphate 
Magnesium  carbonate 

Lime 

Oxide  of  iron  and  alumina 

Oxide  of  manganese  - 

Clay  -        -        - 

Quartz        - 

Colloid  silica 

Alkalis  and  loss  in  analysis 


A. 

B. 

1-30 

•24 

50-02 

66-45 

•73 

-48 

•48 

— 

1-55 

•69 

3-39 

2-83 

1-07 

2-08 

1-30 

1-27 

13-98 

1006 

1910 

14*28 

7-30 

1-41 

•21 

100-22 


100-00 


Of  the  Chalk  Marl  of  Cambiidgeshire  many  analj'ses  have  been 
made  in  recent  veal's  for  the  numerous  cement-making  companies, 
and  the  two  following  series  of  analyses  of  successive  beds  at  the 
same  place  have  been  kindly  communicated  by  Mr.  J.  W.  Knights, 
the  Comity  Analyst  of  Cambridgeshire:  — 

Analyses  of  Chalk  Marls  from  Cherry  Hintaru 


!.•         2. 

3. 

4. 

5. 

6. 

Insoluble  siliceous  matter  - 
(^irbonate  of  lime 
Alumina  and  oxide  of  iron 
Magnosia  and  moisture  -    - 

47-2      24-6 

49-0      65-7 

1-7         1-6 

2-1    1     8-1 

16-2 

70-5 

4-6 

8-7 

21-3 

76-2 

1-5 

1-0 

20-1 

76-5 

1-7 

1-7 

26-2 

70-0 

1-7 

2-1 

• 

100-0    100-0 

1 

100-0 

100-0  'loo-o 

100-0 

The  depths  from  the  surface  at  wliich  these  samples  were  taken  were  as 
below,  the  coprolite  l)od  lyinp  at  a  depth  of  24  feet  :— 


1. 


5  feet. 


3. 


12  feet. 


4. 


15  feet. 


5. 


20  feet. 


6. 


23  feet. 


*  Some  fine  sand  and  gravel  was  mixed  with  this  sample,  accounting 
for  the  high  proportion  of  insoluble  matter . 
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AncUytien  of  Chalk  Marls  from  BarringUm, 


Insoluble  siliceous  matter  - 
Carbonate  of  lime     - 
Alumina  and  oxide  of  iron 
Maf^nesiH    and    moisture   - 


1. 


2. 


14  10:  18-10 

83--20|  78-90 

1-70;      1-60 

100!      1-50 


3. 


19-40 

77-24 

2   10 

1-26 


iooooioooo;ioo(X) 


4. 


21-60 

74-50 

2-10 

1  -80 

100  00 


o. 


6. 


24-60   33  00 
71-50   62-20 
2-301     2-80 
2-00 


2-301 
IGoi 


100  00!  100 -00 


Na  1  was  taken  at  4  feet^from  the  surface. 


No.  2 
No.  3 
Na  4 
No.  5 
No.  6 


9* 


l> 


99 


9* 


6 

7 
16 


»9 


>> 


99 


99 


>»  99 

from  the  bottom  of  the  cement  material. 


ffom  the  layer  overlying  the  coprolites. 

The  Marl  at  Cherry  Hinton  seems  to  have  been  worked  under  a 
bed  of  gravel  and  sand,  and  the  infiltration  of  sandy  material  from 
this  seems  to  have  extended  as  deep  as  10  feet  from  the  surface. 
At  12  feet,  however,  we  seem  to  have  a  pure  marl  containing  16 
per  cent,  of  siliceous  matter,  and  the  proportion  of  this  increases 
downward  till  it  aniouutfi  to  2(>  per  cent. 

The  other  series  from  llan-ingtou  shows  a  regular  increase  of  sili- 
ceous matter  from  14  to  33  per  cent.,  with  a  corresponding  decrease 
of  calcareous  material  from  83  to  62  per  cent.,  the  lowest  sample 
being  evidently  taken  from  the  glauconitic  marl  which  overlies  the 
"  coprolite  bed.'' 

ifr.  Knights,  however,  informs  me  that  the  relative  proportions 
of  calcareous  and  siliceous  material  are  not  always  so  regularly 
distributed  as  in  this  case,  even  at  Barrington  itself,  and  that  so  far 
as  the  carbonate  of  lime  is  concerned  the  proportion  varies  in  an 
uncertain  and  irregular  manner.  This  is  illustrated  by  a  series  of 
samples  taken  from  the  fac«  of  a  trench  at  Barrington  which  Mr. 
Knights  tested  for  carbonate  of  lime  only  with  the  following 
results:  — 

First  Series,  Second  Series, 


Depth  from 

Proportion 

of 

Depth   from 

Profwrtions  of 

surface. 

CaCOj. 

■- 

surface. 
Feet. 

CaCOs. 

Feet. 

3 

67 -o 

1 

79-0 

5 

61*-) 

3 

74  •  5 

7 

74-0 

o 

73  •  0 

9 

84 

7 

85  •  5 

11 

70 

0 

88-0 

13 

72 

11 

68-0 

15 

76 

13 

67-5 

17 

62 

15 

74-0 

The  following  are  three  moi'e  detailed  analyses  of  Chalk  Marls 
from  Cambridgeshire,  the  first  two  having  been  made  and  communi- 
cated by  Mr.  J.  W.  Knights,  and  the  third  by  Mr.  H.  Bassett 
(communicated  by  Mr.  G.  P.  Oildea).    The  sample  No.  1  was  from 
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near  Cambridge,  No.  2  from  Poplar  Hall  Homingaey,  and  No.  3 
from  the  late  Mi*.  Colchester's  cement  works  at  Hauxton. 


InaoluUe  siliceous  matter 
Carbonate  of  lime       -       .       .       . 
Carbonate  of  magnesia 
Sulphate  of  lime       .... 

Alumina  

Oxide  of  iron  .  .  -  . 
Alkali  and  traces  of  organic  matter 
Moisture  


No.  1. 

No.  2. 

No.  3. 

16-6 

11  ^98 

22-20 

69  0 

84^41 

72  •  18 

1-8 

111 

•75 

— 

— 

•29 

1-0  ) 
2-7  i 

1-49 

2-50 

23 
6-6 

101  ) 

2-08 

100-0 

100-00 

100-00 



It  should  1)0  notified  that  the  first  sample  was  analysed  while  still  moist, 
and  that  if  this  moisture  is  allowed  for,  so  as  to  com]mre  with  the  other 
analyses,  the  projwrtion  of  carbonate  of  lime  will  become  73  '87  i>er  cent. 

The  following  analyses  have  been  made  of  the  lowest  beds  of  the 
Lower  Chalk  in  Noi-th-west  Norfolk  and  Lincolnshire,  where  these 
beds  have  the  same  lithologieal  characters. 

A  and  B  wei-e  samples  of  the  basement  bed  ("  Sponge-Bed  ")  at 
Hunstanton  (A  being  from  the  very  base)  and  were  analysed  by 
Dr.  J.  W.  Johnstone.  They  are  quoted  from  a  paper  by  Professor 
T.  McK.  Hughes  in  Quart.  Joum.  Greol.  Soc.,  vol.  xl.  p.  278. 

C,  D,  and  E  were  samples  of  the  Inoceramu»-Beid  (see  p.  283), 
C  teing  from  ne^vr  Gayton  in  Norfolk,  D  from  Hunstanton,  and 
E  from  Gamiier  Hill  in  Lineolnshii-e.  C  and  J)  wei-e  analysed 
by  Dr.  W.  Johnstone  (see  Proc.  Norwich  Geol.  Soc.,  Vol.  i..  Part  viii. 
p.  238  (1884),  and  Quart.  Journ.  Geol.  Soc.,  Vol.  xliii.  p.  587).  E 
was  analysed  by  Mr.  M.  Staniland  (see  the  Geology  of  East  Lincoln- 
shire, Mem.  Geol.  Surv.  (1887),  p.  33). 


Spong 

e-Bed. 

I  noceramus-Bed. 

■ 

A. 

B. 

C. 

1 

D. 

E. 

Moisture  and  organic 

matter     -        -        - 

trace 

trace 

1-112 

1-40 

•56 

Carbonic  acid     - 

41-45 

42-29 

38-650 

40-54 

41^71 

Phosphoric  acid  - 

•27 

•29 

2-522 

•16 

jnot  esti* 
j  mated. 

Sulphuric  acid    - 

trace 

trace 

•663 

•09 

Lime   -        -        -        - 

52-05 

53-23 

47-250 

51-50 

52^44 

Alumina 

trace 

-35 

trace 

•36 

— 

Peroxide  of  iron  (FcjOj) 

•63 

•32 

— 

•60 

160 

Ferrous  oxide  (FeO)  - 

— 

1-265 

— 

— 

Manganese 

— 

trace 

trace 

•47 

— 

Magnesia     -        -        . 

•77 

•75 

•601 

•26 

•70 

Sodium  chloride 

— 

trace 

•058 

•76 

Insoluble  residue 

5-02 

317 

7-554 

3  38 

3^01 

100- 19 

100-40 

99  665 

99-39 

99^92 

3S8 
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If  the  magnesia  is  present  as  a  carbonate  in  all  these  samples,  the  cnrbcv 
nates  of  lime  and  magnesia  in  each  are  probably  as  follows :— 


- 

A. 

B. 

C. 

D. 

E. 

Carbonate  of  lime     - 
Carbonate  of  magnesia 

92-29 
1-61 

94-25 
1-57 

79-84 
1-26 

91-61 
•52 

93-04 
1-47 

The  sample  of  the  Inoceramus-bed  from  near  Gayton  (CX  is  remark- 
able for  containing  so  much  phosphoric  anhydride,  equivalent  to  5-5  per 
cent  of  calcium  phosphate.  The  amount  of  calcium  carbonate  would 
seem  to  be  only  79*84  per  cent.,  but  there  are  some  difficulties  in  re- 
constructing the  mineral  composition  of  the  rock  from  this  analysis. 

In  the  case  of  C  Dr.  Johnstone  also  made  a  further  anal^^is  of 
the  insoluble  portion  with  the  following  results : 

Insoluble  part  of  C, 

Saica 6-547 

Alumina -900 

Ferric  oxide -560 

Calcium  oxide •  107 

Magnesium  oxide trace 

Phosphoric  acid trace 

Organic  matter           -440 

7-554 

This  appears  to  indicate  that  the  greater  part  of  the  insoluble  residue  is 
fine  quartz  sand,  with  some  clay  and  a  little  organic  matter. 

The  following  are  three  analyses  of  samples  from  the  Ix)wer 
Chalk  of  Speeton,  made  for  Mr.  W.  Hill  by  Mr.  J.  W.  Knighta, 
of  Cambridge.*  The  first  (A)  was  a  bluish-grey  chalk  taken 
about  6  feet  above  the  top  of  the  Red  Chalk  (Selbomian) ;  B  was 
taken  near  the  top  of  Bed  3  where  it  is  pink  (i.e.,  about  36  feet  above 
the  Selbomian).  C  is  a  whitish  chalk  from  Bed  7,  about  12  feet 
below  the  Belemnite  marl. 


A. 

B. 

C. 

Insoluble  siliceous  matter  -       -        .        - 
Carbonate  of  lime         -        -        -        .        - 
Oarlx>nat^   of   magnesia      ...        - 
Oxide  of  iron  and  alumina  -        -        -        - 
Undetermined  matter 

12-40 

82-40 

1-80 

1-40 

2-00 

5-40 

92-80 

•75 

•80 

•25 

6-00 
89-80 
1-6G 
100 
1  -.54 

■ 

100-00 

100-00 

100-00 

It  will  be  noticed  that  all  these  beds  contain  rather  a  hrpv  amount  of 
siliceous  matter,  which  is  proliably  chiefly  in  the  form  of  clay;  tliis  is 
especially  large  in  the  lowest  bed,  which  in  this  respect  presents  a  great 
contrast  to  the  whitish  limestone  at  the  base  of  the  Chalk  along  the 
western  outcrop  in  the  Wolds  of  Yorkshire  and  Lincolnshire. 

It  is  somewhat  remarkable  that  the  pink  chalk  (B)  should  contain  a  rather 
larger  amount  of  calcareous  material  (93-55  per  cent.)  than  the  whitish 
chalk  from  a  much  higher  horizon  (C),  which  has  only  91-46  per  cent. 


*  See  Quart.  Journ.  Qeol.  Soc.,  Vol.  xliv.  p.  358  (1888). 
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Analyses  of  the  Tottemhoe  Stone  and  the  Chalk 

above  it. 

Very  few  analyses  appear  to  have  been  made  ot  the  Tottemhoe 
Stone.  An  old  one,  of  the  stone  quarried  at  Tottemhoe,  is  quoted 
by  Mr.  Whitaker.*  and  states  that  "  100  grains  of  the  dried  stone 
wei*e  found  to  contain  .  .  .  carbonate  of  lime  72,  silex  (in  very  fine 
white  sand)  21,  Alumina  7."  This,  however,  does  not  read  like  an 
accurate  analysis. 

An  analysis  of  a  sample  of  the  Burwell  stone  was  made  for  the 
Greological  Survey  in  1880  by  Dr.  Frankland,  and  this  is  given 
below  (A),  quoted  from  the  memoir  on  the  Geology  of  Cambridge. 
A  sample  of  the  "  grey  bed  "  in  Lincolnshire  was  analysed  by  Mr. 
J.  W.  Knights,  of  Cambridge,  for  Mr.  HiU,  in  1888.  f 


Moisture  at  lOOdeg.  (undetermined  matter  in  B)    - 
Insoluble  residue  (silica  and  silicates)  -        -        -        - 

Carbonate  of  lime 

Carbonate  of  magnesia 

Alumina 

Peroxide  of  iron 


100-00 


The  insoluble  residue  in  A  was  found  by  Dr.  Frankland  to  have  the  follow- 
ing composition  :— 

SUica     -                8-6 

Alumina        • '32 

Protoxide  of  iron 1*19 

Lime '28 

Magnesia '29 

Organic  matter '44 


11-02 


The  following  analyses  are  two  of  the  series  analysed  by  Mr. 
R.  A.  Berry  (already  mentioned) ;  A  is  of  the  Tottemhoe  Stone  at 
Arlesey  near  Hitchin,  B,  is  of  the  highest  part  of  the  Lower  Chalk 
just  below  the  Belenmite  Marl  near  Hitchin  :— 

B 


>j 


>» 


Loss  on  ignition    - 
Calcium  carbonate 

phosphate 

sulphate 
Magnesium  carbonate    - 

Lime 

Oxide  of  iron  and  alumina    - 
Oxide  of  manganese 

Clay 

Quartz  .        -        .        . 

(3olk)id  silica 

Alkalis  and  loss  in  analysis  - 


1-17 
85*7 
•76 

1-41 

1-61 

•66 

•33 

3-24 

311 

1-81 

-21 


100-00 


♦  Mem.  Qeol.  Survey,  Vol.  iv.  p.  41  (1872). 
t  Quart.  Journ.  Geol.  Soc.,  Vol.  xliv.  p.  359. 
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The  following  are  analyses  of  two  specimens  from  the  upper 
part  of  the  Lower  Chalk  in  Wilts  and  Dorset.  Our  thanks  ai-e 
due  to  Professorjr.  B.  Harrison,  of  Georgetown,  British  Guiana,  for 
making  these  analyses  from  samples  sent  over  to  him,  and  they 
exhibit  the  mineralogical  composition  of  the  material  more  com- 
pletely than  any  others  except  Mr.  Berry's,  because  his  method  of 
analysis  secured  complete  separation  of  the  several  ^iUceous  ingre- 
dients. Under  the  head  of  clay  is  included  the  combined  silica 
existing  in  the  form  of  siUcates,  with  the  associated  alumina, 
peroxide  of  iron,  oxide  of  manganese  alkalis  and  magnesia. 

No.  1  is  a  greyish  chalk  taken  from  about  20  feet  below  the  Mel- 
boum  Bock  in  a  quarry  on  Brimsdown,  south-west  of  Warminster 
No.  2  ia  from  a  quarrj'  at  Belchalwell,  Dorset,  and  from  alx)ut 
50  feet  below  the  Melboum  Bock  :— 


Moisture        -       -       .       .       - 

Quartz 

Clay  (silicates)      -       -        -       - 

Colloid  silica 

Carbonates  of  lime  and  magnesia  - 


2. 


•20 

2-20 

6-00 

2-95 

88-65. 

100*00 


It  will  be  noticed  that  an  appreciable  amount  of  fine  quartz  sand  is  found 
in  these  samples  by  Professor  Harrison,  and  this  agrees  with  the  results  of 
Mr.  Hiirs  chemical  researches  into  the  composition  of  samples  from  similar 
horizons  in  these  counties  (see  p.  314). 

Mr.  Whitaker  places  at  my  disposal  the  following  analyses  of 
four  samples  of  grey  chalk  (from  two  pits  at  Hailing),  lent  by 
Formby's  Ctement  Works  C!ompany,  analysed  by  H.  Faija,  Noveni- 
l)er,  1883,  and  commimicated  by  Mr.  J.  H.  Wood  (of  the  Company). 


4. 

Bottom 

^ew  Gto\ 

Pit. 

9-00 

90-04 
6-825 
2*725 

99-95 
-175 


Moisture 

The  Dried  Residue  contained  : 
Carbonate  of  lime     -        -       - 

Silica 

Alumina,  with  traces  of  iron  - 


Amount  of  quartz-sand 


1. 

2. 

i 

3. 

Top 

Old  Grey 

Pit. 

Bottom 

Old  Grev 

Pit. 

Top 

New  Grey 

Pit. 

8-8 

95 

4-5 

88-3 

89^65 

90-35 

6-7 

5-55 

5-75 

5- 

4-65 

3^65 

100 

99-85 

99-75 

•15 

•25 

•20 

The  following  are  two  analyses  of  grey  chalks  from  Kent.  The 
first  is  stated  to  have  been  **  a  specimen  from  the  base  of  the  Grey 
Chalk  at  Folkestone,"  but  it  is  not  stated  what  bed  wa*?  taken  as 
the  base  of  the  "  Grey  Chalk/'  and  as  the  analysis  shows  a  very 
high  proportion  of  calcium  carbonate,  it  protiably  came  from  a 
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high  part  of  the  Lower  Chalk.  The  analysis  was  made  by  Mr. 
D.  Forbes.*  The  second  is  an  analysis  of  grey  chalk  from 
Snodland,  quoted  by  Mr.  J.  L.  Spoor.* 


Insoluble  siliceous  matter 
Calcium  carbonate- 
Magnesium  carbonate  - 
Alumina        .        .        - 
Oxides  of  iron     - 
Alkalis  - 

Sodium  chloride   - 
Water    -        -        -        - 


2. 


6^84 
87  -35 


114 

•38 

4-29 


100-00 


It  will  be  seen  that  the  quantity  of  free  quartz  in  these  samples  is  very 
small,  and  that  the  greater  part  of  the  silica  must  be  in  combination  with 
the  Alumina  as  clay. 

Of  the  beds  forming  the  zone  of  Off  aster  aphcdricua  in  Lincoln- 
shire four  analyses  have  been  miule  and  are  given  below.  They 
include  two  of  pink  chalk  (from  the  lower  and  the  upper  band) 
one  of  yellow  chalk  and  one  of  a  hard  grey  chalk  occurring  between 
the  two  pink  bands.  All  the  samples  came  from  Louth,  and  were 
publialied  in  the  Survey  Memoir  on  East  lincolnshire.  The  first 
three  analyses  were  made  by  Mr.  Meaburn  Stainland  in  the  Ijabora- 
torv  of  the  School  of  Mines,  London,  and  the  fourth  by  Mr.  Grant 
Wilson  at  Edinburgh. 


YeUow 

Lower 

Upper 

Chalk  in 

Hard 

Pink 

Pink 

Upper 

Grey 

Band. 

Band. 

Pink 
Band. 

Chalk. 

InsoIMe  Portion, 

Silica           -        -        -        -        - 
Alumina  and   peroxide  of  iron 

10*80 
1-10 

j-   2-10 

4-96 

526 
1-57 

Loss    on    ignition 

— 

1-19 

Soluble    Portlov. 

Lime 

45-91 

53-62 

51*72 

48-89 

Carbonic  acid 

36-51 

42-86 

40-91 

38-51 

IMiosphoric  acid 

trace 

trace 

-29 

Magnesia 

•71 

•36 

•92 

•73 

Alumina 

1-.35 

trace 

•31 

I'eroxide  of  iron 

1-03 

•35 

1-05 

i-io: 

Oxide  of  manganese  - 

— 

•15 

Water 

1*92 

•75 

1-20 

1-64 

99-33 

100-04 

100-76 

90-64 

*  Soe  Quart.  Journ.  Geol.  Soc.,  Vol.  xxvii.  p.  xlix. 
+  Oltieial  Local  (Juide,  Industr.  Sec.  (1889),  p.  215. 
X  Sti\ted  to  l)e  protoxide  of  iron. 


i219. 


Z2 
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The  carbonates  in  these  samples,  as  calculated    from    the 
amounts  of  carbonic  acid,  appear  to  be  as  follows  : — 


i             1 

Lower 

Pink 

Band. 

Upper 
Pink 
Band. 

Yellow 

Chalk  in 

Upper 

Pink 

Band. 

Hard 

Grey 

Chalk. 

Carbonate  of  lime     -       -       - 
Carbonate  of  magnesia     - 

81-96 
1-48 

96-47 
•76 

1 

90-68 
1-93 

85-08 
1  -  53 

Several  analyses  of  the  mai-ls  of  the  zone  of  Actinocamax  pleiius 
have  been  made  for  the  Geological  Survey  and  others.  The  fol- 
lowing are  four  of  these  :— No.  1  is  from  the  Greology  of  Cambridge 
p.  55  (Mem.  Geol.  Survey),  erroneously  referred  to  the  Mellx)urn 
Rock ;  the  specimen  was  a  yellowish  marly  chalk  from  the  upjiei- 
part  of  the  zone  near  Harston,  and  was  analysed  by  Dr.  Frankland, 
F.R.S.  No.  2  was  a  purple  marl  from  a  pit  south-east  of  Gayton- 
le-Wold,  in  Lincolnshire,  analysed  by  Mr.  M.  Staniland,  F.G.S. 
No.  3  is  a  purple  marl  from  Louth,  analysed  by  Mr.  Grant  Wilson. 
No.  4  is  from  the  dark  bluish-grey  marl  exposed  in  the  railway 
cutting  east  of  South  Cave,  Yorkshii-e,  and  was  analysed  by  Mr. 
J.  W.  Knighte  for  Mr.  W.  Hill. 


Insoluble    Portion. 
Silica  .        -        -        . 

Alumina  and  peroxide  of  iron 
Lime  and  magnesia    - 

Soluble  Portion. 
Carbonate  of  lime     - 
Carbonate  of  magnesia     - 
Chloride  of  sodium    - 
Alumina     -        -        -        - 
Oxides  of  iron    -        -        - 
Oxide  of  manganese  - 
Water  and  organic  matter 


1. 


6-44 
•92 


87-66 

3*44 

•36 

I     1-51 


100-35 


2. 


6*62 

2*18 

•52 


86-25 
-94 

1-35 


1-62 


99-48 


3. 


14-46 
5^44 
1-04 


61-97 
5-48 

•65 
2-33 
3-20 
5-10 


4. 


llT- 


99  •  6' 


J 


80 


} 


66^20 
6^20 

1-20 

8-60 


ICXJ-OO 


The  following  analyses  are  three  more  of  those  made  and 
commimicated  by  Mr.  R.  A.  Berry,  and  are  interesting  as  showing 
the  composition  of  the  grev  marl  and  white  chalk  which  form 
the  Belemnite  Beds  in  Sedffordshire.  A  is  of  the  lower  marl 
band  near  Hitchin,  B  of  the  hard  w^hite  chalk  between  the  marls 
near  Hitchin,  and  C  of  the  similar  white  chalk  near  Roys  ton  : — 
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A. 

B. 

C. 

Loss  on  ignition  (organic  matter) 

2-14 

•60 

130 

Calcium  carbonate 

71-86 

90-90 

89*38 

„        phoaphate 

„        sulpnate 

•82 

•31 

•31 

1-30 

•10 

•20 

Magnesium  carbonate       

2-68 

1-53 

1-28 

Jjime ... 

2-41 

2*22 

2-31 

Oxide  of  iron  and  alumina 

VArt 

•47 

•59 

Oxide  of  manganese 

2^07 

•53 

•20 

Vy  Icvjr       .«•                   •«•                   ••.                   «««                    a 

•  i         6-00 

•65 

103 

Quartz         

Colloid  silica           

3-49 

•43 

•96 

5^67      i 

153 

1-90 

Alkalis  and  loss  on  analysis 

1 

•21 

•73 

•64 

!     100-00 

10000 

100-00 

It  is  noticeable  that  the  lower  marl  is  highly  calcareous, 
containing  no  less  than  74*54  per  cent  of  cjirbonates  ;  while 
the  white  chalk  is,  as  one  would  expect,  a  pure  limestone,  con- 
taining over  90  per  cent,  of  carlxmate,  with  very  small  amounts 
of  clay  and  quartz. 
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CHATTER   XXV. 

PHYSICAL  AND   GEOGRAPHICAL  CONDITIONS  IN  THE 

TIME    OF   THE   LOWER   CHALK. 

1.    Evidence  of  Current  Action  at  the  Base 

of  the  Chalk. 

The  stratigraphical  facta  which  have  been  recorded  m  connec- 
tion with  the  basement  beds  of  this  stage  at  different  localitien 
prove  that  some  considerable  physical  changes  took  place  at  the 
time  when  these  basement  beds  were  formed.  It  will  be  worth 
while  recapitulating  some  of  these  facts  in  order  that  the  evi- 
dence of  increased  cmrent-action  may  come  more  clearly  before 
the  reader. 

First,  then,  we  saw  that  in  Kent  there  was  everywhere  evidence 
of  erosion  at  the  top  of  the  Gault ;  at  Folkestone  the  sand  of  the 
Stauranema  bed  is  piped  into  the  underlying  Ganlt ;  near  Bm'ham 
the  top  of  the  Ganlt  is  cut  off  abruptly  and  overlain  by  a  layer  of 
phosphatic  nodules  which  have  presumably  been  derived  from  it. 
At  Eastbourne,  in  Sussex,  there  is  an  abrupt  change  like  that  at 
Folkestone,  with  a  similar  piping  of  Chloritic  Marl  into  the  under- 
lying stratum.  In  the  Isle  of  Wight  there  is  a  variable  set  of  beds 
at  the  junction  of  the  two  formations,  but  most  sections  show  an 
horizon  where  the  material  of  one  bed  is  piped  into  another  ;  there 
are  also  layers  of  phosphatic  nodules  and  lumps  of  partly  phos- 
phatised  stone. 

Throughout  the  greater  part  of  Dorset  the  uppermost  bed  of  the 
Greeusand  exhibits  every  sign  of  having  been  exposed  to  the  action 
of  a  strong  current  for  some  length  of  time  (see  pp.  93  and  108).  It 
is  a  hard  calcareous  rock,  the  surface  of  which  is  often  phosphatised , 
and  it  forms  a  great  contrast  to  the  soft  glauconitic  chalk  (with  it« 
basement  layer  of  phosphatic  nodules)  which  overlies  it.  In  East 
Devon  there  are  similar  signs  of  erosion  and  evidence  that  currents 
were  active  throughout  the  whole  epoch  of  the  Lower  Chalk,  for 
at  the  most  western  localities  the  Chalk  Marl  is  represented  by  a 
few  feet  of  shelly  and  quartziferous  limestone,  above  which  is 
another  plane  of  erosion,  and  a  total  absence  of  anything  to  cor- 
respond with  the  rest  of  the  Lower  Chalk. 

In  South  Wiltshire  and  Hampshire  there  is  generally  more  or 
less  of  a  passage  from  one  formation  to  the  other,  so  that  in  this 
area  a  certain  amount  of  deposition  took  place  while  erosion  \^  as 
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ill  progress  elsewhere.  But  in  North  Wiltsliire,  from  ne^r  Cahie 
to  Swmdon,  there  is  an  abrupt  transition  with  distinct  signs  of 
erosion. 

Northward,  again,  through  Berkshire,  Oxfordshire,  Bucking- 
hamshire, and  into  the  western  part  of  Bedfordshire  there  is 
always  a  passage  from  the  Selbornian  to  the  Chalk  Marl,  so  that  a 
large  area  here  was  out  of  the  track  of  the  strong  eroding  currents. 

Beyond  this,  however,  is  another  tract  at  least  fifty  miles  in 
length,  along  which  the  Gault  presents  a  surface  of  erosion  and  is 
overlain  by  the  Cambridge  Greensand  or  Nodule-bed  (see  p.  194). 
This  eroded  surface  probably  terminates  somewhere  below  the  Fens 
on  the  borders  of  Suffolk  and  Norfolk.  North  of  it  we  have  an 
area  of  slow  deposition,with  a  complete  and  uneroded  representative 
of  the  Gault  overlain  by  a  similarly  condensed  equivalent  of  the 
Chalk  Marl.  In  Lincohishire  and  Yorkshire  also  the  deposition  of 
calcareous  sediment  was  continuous,  so  that  there  is  no  break, 
but  a  complete  passage  from  "  Red  Chalk  "  to  the  Chalk  proper. 

From  the  above  risumi  it  will  be  seen  that  the  most  marked 
signs  of  current  action,  with  removal  and  sifting  of  material,  occur 
(1)  in  Kent  and  Sussex,  (2)  in  Dorset  and  Devon,  (3)  in  North  Wilts, 
(4)  along  the  tract  occupied  by  the  Cambridge  Greensand.  It 
will  be  worth  while  seeuig  if  the  lost  can  be  traced  to  any  distance 
beneath  the  chalk,  and,  if  so,  in  what  direction  it  rims. 

A  boring  made  at  Culford  in  1890*  is  important  as  showing 
that  the  eroded  surface  of  the  Gault  does  not  extend  far  to  the 
east  of  Cambridge  and  Soham,  for  in  this  boring  the  change  from 
Chalk  Marl  to  Upper  Gault  seems  to  have  been  like  that  near 
Stoke  Ferry,  in  Norfolk. 

The  next  nearest  place  where  a  boring  has  been  made  through  the 
chalk  is  at  Ware,  about  thirty  miles  S.S.E.  of  Cambridge,  and 
twenty  miles  south-east  of  the  termination  of  the  outcrop  of  the 
Cambridge  nodule  bed  in  Bedfordshire.  It  is  interesting  to  find 
that  a  sample,  believed  to  have  come  from  the  base  of  the  chalk 
below  Ware,  has  all  the  charactera  of  the  nodule  bed  as  formerly 
to  l)e  seen  near  Sharpenhoe  in  Bedfordshire,  f 

Nothing  comparable  to  this  nodule  bed  has  been  recorded  from  the 
boring  at  Cheshunt,  but  the  samples  preserved  did  not  include  one 
from  the  actual  base  of  the  chalk,  so  that  one  cannot  iwsitively  state 
it  to  be  absent  there,  more  especially  as  it  seems  to  be  present  \mder 
Ix)ndon.  Describing  the  CTialk  Marl  in  the  boring  at  Meux's  Brewery 
(Oxford  Street),  Mr.  Whitaker  observes  J  "in  a  fine  core  from  the 
base,  nt  the  office  [of  the  Geological  Survey],  I  saw  a  good  specimen 
of  the  Cambridge  phosphate  bed  (said  to  be  six  inches  thick) 
with  greensand  and  nodules  passing  up  into  regular  Chalk  Marl." 


*  See  Quart.  Journ.  Geol.  Soc.,  Vol.  L  p.  489. 

t  Loc.  cit.,  p.  504. 

:;:  lieolo^y  of  London,  Vol,  ii.  p.  167.,  Mem,  Gfol.  Survey,  1889. 
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There  is  no  note  of  its  existence  either  at  Bichmond  or  at 
Streatham,  and  we  know  there  is  nothing  Uke  it  along  the  outcrop 
in  SiuTey,  but  a  similar  bed  appears  at  the  outcrop  in  Kent,  near 
Maidstone.  At  Chartham,  near  Canterbury,  a  boring  proved  only 
"  eight  inches  of  dark  sand  "  at  the  base  of  the  Chalk  Marl*  with 
Gault  below.  At  Dover,  again,  in  the  shaft  of  the  Dover  Coal 
Exploration,  there  is  but  3  feet  of  marly  greensand  with  phosphate 
nodules  resting  directly  on  the  Gault,  as  compared  with  16  feet 
€it  Folkestone. 

Thus,  so  far  as  the  available  evidence  goes,  it  appears  that  the 
ai-ea  of  erosion  occupied  by  the  Cambridge  Greensand  can  be 
traced  southwards  as  far  as  London  and  probably  thence  into 
Kent.  The  facts  suggest  the  existence  of  a  strong  current  setting 
off  the  land  east  of  Dover  and  flowing  in  a  west-north-west 
du'ection  to  the  latitude  of  London,  where  it  was  deflected  north- 
ward in  the  direction  of  Ware^  Hitchin,  and  Cambridge.  It  is,  of 
course,  just  possible  that  the  flow  of  the  current  was  in  a  reverse 
direction,  but  the  complete  absence  of  any  signs  of  current  action 
at  this  particular  epoch  in  Norfolk,  Lincolnshire,  or  Yorkshire 
makes  it  very  unlikely  that  such  a  ciurent  came  from  the  noith 
or  north-east.  It  might  possibly  have  set  from  the  north-west 
through  the  Cheshire  Straits  across  Stafford,  Leicester,  Northami>- 
ton,  and  Huntingdon,  but  we  have  reason  to  believe  f  that  the 
set  of  the  ciurent  which  brought  the  material  of  the  Gault,  was 
probably  from  the  south-east,  and  it  is  most  likely  that  the  current 
which  caused  erosion  of  the  Gault  came  from  the  same  quarter. 
There  is,  moreover,  another  line  of  evidence  which  tells  against 
the  idea  of  a  current  from  the  north-west ;  this  is  as  follows  : — 

The  Cambridge  Greensand  has  yielded  many  blocks  and  frag- 
ments of  igneous  and  Palaeozoic  rocks,  including  pieces  of  granite, 
hyperite,  basalt,  felstone,  gneiss,  schist,  conglomerate,  i^ed  sand- 
stone, slate,  quartzite,  and  hornstone,  with  a  few  pieces  of  dark 
grey  limestone.  Some  of  them  certainly  resemble  Scotch  and  Nor- 
wegian rocks,  but  the  whole  assemblage  could  not  be  matched 
in  the  north  of  England  or  in  Scotland,  nor,  so  far  as  is  known,  in 
Norway.  Mr.  Whitaker,  however,  has  suggested  that  they  may 
have  come  from  the  buried  land  which  lay  to  the  east  of  England. 

It  is  true  one  cannot  be  quite  siu^  that  the  rock  fragments  were 
brought  by  the  current  wiuch  eroded  the  Gault  and  formed  the 
Cambridge  nodule  bed,  for  the  stones  may  have  been  derived  from 
the  Gault  as  well  as  the  phosphate  nodules.  Stones  have  actually 
been  found  in  the  Gault  both  at  Cambridge  and  Folkestone,  but 
those  we  have  seen  were  of  small  size  and  always  waterwom,  whei^eas 
the  erratics  of  the  Cambridge  Greensand  are  large  angular  and 
subangular  blocks,  some  of  them  more  than  a  foot  in  length  and 
equal    in    mass    to    a   cubic  foot    of    rock.     Some  large    blocks, 


•  See  account  given  by  Mr.  Whitaker,  Quart.  Journ,  GeoL  See.,  Vol.  xlii, 
p.  35. 

t  See  Cretaceous  Rocks  of  Britain,    Vol.  i.  p.  412. 
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however,  have  been  found  by  Mr.  H.  Woods  in  the  coprolite  bed 
at  the  base  of  the  Upper  Gault  at  Stanbridge,  near  Leighton 
Buzzard  (see  p.  196).  Similar  large  blocks  have  been  found  in  the 
Chalk  Marl  of  Burwell,  in  Cambridgeshire,  and  at  Gay  ton,  in 
Norfolk.*  While,  therefore,  some  of  the  rock- fragments  in  the 
Cambridge  Greeiisand  may  have  been  derived  from  the  Gault,  it 
seems  probable  that  most  of  them  were  dropped  on  the  sea  floor 
during  the  formation  of  that  deposit. 

When  they  were  first  described  |  it  wa«  suggested  that  ice  was 
the  means  of  transport  and  it  is  certainly  difficult  to  understand 
by  what  other  means  the  larger  blocks  could  have  been  carried, 
tliough  those  of  smaller  size  might  well  have  been  transported  by 
the  agency  of  trees  swept  down  by  rivers  in  times  of   flood. 

It  is,  of  coui"se,  poHsiWe  that  there  was  a  cold  current  from  the 
noilh  or  north-east  which  me1^  a  wai'm  current  from  the  south- 
east, much  as  the  Labrador  current  meets  the  Gulf  Stream  current 
at  the  present  time,  and  that  the  stones  were  dropped  by  the  melt- 
ing of  ice  floes.  It  is  also  possible  that  these  floes  came  from  the 
mast  of  a  vanished  land  which  then  united  Scotland  with  Norway, 
and  this  would  account  for  the  likeness  many  of  the  fragments 
bear  to  Scotch  and  Norwegian  rocks.  If  they  had  been  brought 
by  a  current  from  the  north-west  we  should  expect  that  many 
of  them  would  be  traceable  to  existing  north-western  sources, 
which  is  not  the  case. 

There  remains  Mr.  Whitaker's  suggestion  that  the  transported 
fragments  came  from  the  eastern  land,  but  imtil  we  know  more 
of  the  rocks  which  formed  this  land  it  must  remain  only  a  sugges- 
tion. If  such  were  their  source  we  cannot  call  in  the  agency  of 
icebergs,  but  river-ice  such  as  is  formed  in  the  St.  Lawrence  at 
the  present  time  and  occasionally  even  in  the  Thames  would  be 
capable  of  transporting  the  blocks  above  mentioned.  Even  this, 
however,  would  indicate  a  colder  climate  than  we  generally 
iussociate  with  the  Cretaceous  period,  but  in  this  connection  it  is 
noticeable  that  coniferous  wood  is  common  in  the  Gault  and 
Upper  Greensand. 

As  mentioned  on  p.  344,  there  are  proofs  that  another  strong 
current  flowed  across  Devon  and  Dorset,  and  there  is  good  evi- 
dence of  its  having  been  strongest  in  the  far  western  localities, 
its  velocity  diminishing  in  an  easterly  direction,  though  ite  influ- 
ence is  still  visible  in  the  Isle  of  Wight.  Even  at  Cap  la  H6ve,  in 
Normandy,  proofs  of  (nirrent  action  are  very  apparent  in  the  bed 
which  we  regard  as  the  equivalent  of  our  ChJoritic  Marl. 

So  powerful  was  the  action  of  these  currents  that  for  a  time  it 
was  only  in  a  comparatively  small  area  that  sediment  was  permitted 
to  accumulate.  The  earliest  Cenomanian  sediments  in  Britain 
were  the  beds  composing  the  sub-zones  of  Catopygus  columbarius 

*  See  Quart.  Journ.  Geol.  Soc.,  Vol.  xliii.  p.  554,  and  Mom  Oeol.  Survey 
Expl.  of  Sh.  65,  p.  35. 

t  Quart.  Journ.  Gfeol.  See.,  Vol.  xxix.  p.  II. 
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and  Stauronema  Oarteri,  and  so  far  as  at  present  known  these  do  not 
extend  westward  into  Doi'set  nor  farther  north  than  Berkshire,  but 
spread  eastward  through  Hants  and  Sussex  to  Folkestone  and 
southward  to  the  mouth  of  the  Seine^  and  probably  beneath  the 
Paris  basin,  though  that  has  not  yet  been  proved. 

The  sxirfaces  of  erosion  which  have  been  indicated  above  are 
not  proofs  of  emergence  above  the  sea-level  of  the  period  as  many 
French  geologists  have  imagined,  but  are  only  signs  of  some  geo- 
graphical change  which  for  a  certain  time  greatly  increased  the 
strength  of  the  marine  currents  and  prevented  the  deposition 
of  much  sediment,  even  where  it  did  not  cause  actual  erosion  of 
the  deposits  already  accxunulated.  That  this  change  was  due 
to  a  partial  or  general  subsidence,  may  be  regarded  as  fairly  certain, 
because  the  succeeding  deposit  is  known  to  have  extended  beyond 
the  limits  of  the  imderlying  greensands  and  because  tliis  deposit 
is  a  chalky  one  containing  much  less  terrigenous  material  than  those 
of  Selbornian  age. 

Limits  of  the  Lower  Chalk  Se^. 

So  far  as  we  can  judge  from  the  evidence  at  present  avail- 
able, it  would  appear  that  this  subsidence  was  one  affect 
ing  the  whole  area  of  deposition,  so  that  the  shore  lines 
were  everyw^ieie  carried  back  both  on  the  eastern  and 
on  the  western,  side  of  the  Anglo-Gallic  sea.  On  the  western 
side  shallow-water  deposits  of  this  age  are  preserved  in  France, 
Devonshire,  the  North  of  Ireland,  and  the  West  of  Scotland.  An 
outlier  in  the  Cotentin,  where  five  feet  of  Cenomanian  sand  rest 
directly  on  Palaeozoic  rocks,  shows  that  they  overlapped  the  beds 
which  corre.sjx)nd  to  our  Upper  Greensand.  In  Ii-eland,  also, 
the  Glauconitic  Sands  which  appear  to  represent  the  highest  part 
of  the  Sellx)rTiian  stage  are  very  thin,  and  there  seems  reason  to 
believe  that  they  are  overlapped  by  the  **  Yellow  Sandstones  " 
which  apparently  correspond  to  the  Lower  Chalk  of  England.* 

Evidence  of  similar  overlap  is  foimd  again  in  the  north-east  of 
France,  where  the  beds  described  by  Professor  Barrois  extend 
north-eastward  beyond  the  Gaize,  and  are  themselves  overlapped 
by  the  zone  of  Artinocamax  plenus  (see  ante,  p.   244). 

Not  only  wa.s  the  sea  widened  and  deepened,  but  all  the  inlets 
of  the  western  land  must  have  been  enlarged  and  lengthened,  and 
it  is  probable  that  i)ortions  of  this  land  were  isolated  from  the  rest. 
Thus  the  central  part  of  France  seems  to  liave  become  an  island 
in  consequence  of  the  Cenomanian  sea  passing  between  it  and 
Brittany.f  How  far  the  inlet  iDetween  Dartmoor  and  Wales  w  as 
carried  westw^ard  we  have  no  means  of  know^ing,  nor  can  we  say 
what  has  happened  to  the  west  of  Wales,  for  there  are  no  traces 

♦  See  "  The  Cretaceous  Strata  of  County  Antrim,"  by  W.  F.  Hume, 
D.Sc.,  Quart.  Journ.  Geol.  See.,  Vol.  liii.  p.  540.  For  my  owa  view  of  the 
age  of  the  beds  mentioned,  see  Students'  Handbook  of  Stratigraphical 
Geology,  p.  447,  1902. 

I  See  "  Etude  palaeog^ogr  sur  le  Detroit  de  Poitiers,"  par  A.  de  Grossouvre, 
Comptes  Rend,  de  I'Assoc.  Franc,  pour  Av.  8ci.  1901,  p.  401. 
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of  ( 'i-etaceous  deposits  on  the  borders  of  St.  George  s  Channel,  and 
the  history  of  the  L*ish  Sea  hixH  yet  to  Ije  written.  It  is  very  \)ro\>- 
able,  however,  that  in  the  Jurassic  and  Lower  Cretaceous  peiiods 
there  were  deep  and  broad  vaUeys  between  Wales  and  Ireland, 
draining  northwards  into  a  northern  gulf,  and  it  is  possible  that 
during  the  subsidence  of  the  Lower  Chalk  age  a  communication 
may  have  been  established  between  the  northern  gulf  and  the 
inlet  to  the  south  of  Wales,  in  which  case  Wales  would  have 
been  converted  into  an  island. 

When  discussing  the  probable  geogi-aphy  of  the  Selbomian  age 
in  a  pi*evious  volume  we  saw  reason  to  think  that  the  Selbornian 
deposits  once  extended  over  the  Cheshire  plains  and  across  the 
basin  of  the  L-ish  Sea  to  the  north-eastern  comer  of  Ireland.  If 
such  a  gulf  existed  at  that  time  it  must  have  been  enlarged  and 
extended  during  the  subsequent  Cenomanian  subsidence.  The 
glauconitic  sands,  which  occur  at  the  base  of  the  Cretaceous  series 
in  Mull  and  Morvern  and  have  been  described  by  Professor  Judd,* 
seem  to  indicate  that  this  gulf  extended  northward  into  that 
district,  so  that  Scotland  was  at  any  rate  partially  divided  from 
Ireland,  though  there  may  still  have  been  a  land  connection  to 
the  west  of  it. 

In  the  region  of  the  Pennine  promontory  it  is  not  likely  that  there 
wiis  much  geograi)hic4il  change,  for  we  should  not  supix)se  that  a 
subsidence  of  200  or  even  300  feet  w^ould  have  narrowed  it  to  anv 
great  extent ;  nor  that  such  a  subsidence  would  have  carried  the 
sea  of  the  Low^er  Chalk  very  far  northward  in  Yorkshii-e,  but  the 
alwence  of  any  Ci*etaceous  outlier  on  the  Yorkshire  Moors  leaves 
lis  alwolutely  without  any  evidence  in  that  direction. 

Thus  so  far  as  we  can  form  an  opinion  the  geography  of  the  sea 
in  which  the  Low^er  Chiilk  was  accumulated  did  not  ditter  very 
greatly  from  that  of  the  preceding  Selbomian  epoch,  except  in 
teing  wider  and  deeper.  All  the  surrounding  tracts  of  land  were 
reduced  both  in  size  and  in  elevation,  and  as  a  consequence  less 
terrigenous  material  w^as  carried  into  the  adjoining  seas. 

Sedimentation. 

liCt  us  now  consider  the  disposition  of  the  sediments  which 
were  dejx)sited  in  this  Cenomanian  sea  after  the  disturbing 
and  erosive  influences  had  ceased  and  only  the  finest  kind 
of  terrigenous  sediment  was  carried  by  the  currents  to  be  mingled 
on  the  sea  floor  with  the  calcareous  ooze  which  is  derived  from  the 
decay  and  disintegration  of  calcareous  shells. 

The  chalk  of  the  Am,  varians  Zone.— If  in  the  interim  above  men- 
tioned any  change  took  place  in  the  direction  of  the  marine  cur- 
rents, it  would  appeiir  that  they  subsequently  resinned  their  former 
courses,  for  it  is  interesting  to  find  that  the  more  argillaceous  facies 
of  the  Lower  Chalk  coincides  very  nearly  with  the  area  over  which 
the  Selbomian  is  xnost  argillaceous.    In  other  words,  the  Chalk  Marl 

•  Quart.  Journ.  Geol.  Soc.,  Vol.  xxxiv.  p.  729, 1878. 
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is  more  marly  and  less  chalky  over  the  whole  of  the  east  of  England 
a3  far  north  as  Mildenhall,  in  Suflfolk,  and  westward  as  far  as 
Berkshire,  Hampshire,  and  the  Isle  of  Wight.  Beyond  this  area 
both  to  the  west  and  to  the  north  argillaceous  matter  rapidly  dis- 
appears, and  the  material,  which  is  still  often  called  Chalk  Marl, 
becomes  a  chalk  with  only  a  few  included  bands  of  marl.  The  lateral 
change  from  chalk  marl  to  chalk  in  Dorset  has  been  described  on 
p.  107,  and  the  similar  change  in  Norfolk  is  mentioned  on  p.  209. 
Hence  it  would  appear  that  the  muddy  sediment  came  from  the 
same  source  as  the  Gault  clay — namely,  from  the  south-east. 

The  conditions  in  the  south-west  of  England  are  especially  worthy 
of  attention.  In  the  fii-st  place,  the  purity  of  the  chalk  and  the 
small  thickness  which  can  be  regarded  as  representing  the  Chalk 
Marl  (zone  of  Am.  varians)  in  southern  and  w-estern  Doi'set  seem 
to  indicate  cleai'ness  of  water  and  absence  of  terrigenous  sediment ; 
but  it  is  curious  to  find  that  this  clear  water  was  tenanted  by  a  small 
amount  of  life. 

It  is  still  more  curious  to  find  that  this  area  of  pure  chalk  ex- 
tending into  Devon  as  far  as  Membury,  while  less  than  five  miles 
further  west  the  Chalk  Marl  is  represented  by  a  calcareous  sand- 
stone consisting  mainly  of  large  quaitz  grains.  It  is  stated  on  p.  1 2i^ 
that  this  sandy  zone  of  Ammonites  Mantdli  probably  repi*esent*< 
that  part  of  the  Chalk  Marl  which  is  absent  in  West  Dorset ;  but  if 
this  is  so,  and  if  the  Memb\u*y  and  Chard  chalk  is  wholly  or  largely 
of  later  date  than  the  zone  of  Ammxmites  Mantdli  at  Wilmington  and 
13eer  Head,  how  did  it  come  to  pass  that  the  sandy  beds  are  aljsent 
l)elow  the  chalk,  and  that  the  chalk  is  absent  above  the  sands. 

The  only  explanation  of  these  facts  which  has  suggested  itself 
to  me  is  that  the  sands  of  the  Ammonites  Mantelli  zone  were  origi- 
nally deposited  over  a  much  wider  area  than  that  to  which  they  aiv 
now  restricted,  that  they  extended  far  bothtflL^e  northward  and 
to  the  eastward,  not  only  over  the  Mem^nimid  Chard  district, 
but  far  into  the  centre  of  Dorset.  The  very  coarseness  of  the  sands 
indicates  the  existence  of  a  strong  purrent,  and  we  have  only  to 
suppose  that  this  current  became  still  stronger  till  it  removed  a 
large  portion  of  the  sand  which  had  been  accumulated  ;  then  it 
gradually  slackened  as  further  subsidence  took  place  and  the  ncxlule 
bed  which  lies  at  the  base  of  the  chalk  in  West  Dorset  and  Somei*set 
was  formed  on  the  cm'rent-swept  surface. 

Those  portions  of  the  zone  of  Ammonites  Mantelli  which  are 
preserved  testify  to  accumulation  under  the  influence  of  changing 
currents  by  the  rapid  variation  in  the  thickness  of  the  component 
beds  within  short  distances  (see  Fig.  31,  p.  131),  and  by  the  surfaces 
of  erosion  which  often  occur  l)etween  them.  Their  preservation 
may  be  attributed  to  one  or  other  of  two  causes  or  to  both  com- 
bined ;  either  they  had  become  more  consolidated  than  the  portions 
which  were  destroyed  or  they  lay  out  of  tlie  track  of  the  strongest 
part  of  the  current.    The  latter  supposition  will  also  aerve  to  explain 
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the  non-deposition  of  any  chalky  Cenonianian  Kediments  above  the 
sandstones  in  the  coastal  region  of  Devon,  for  a  subsequent  subsi- 
dence would  be  very  likely  to  change  the  course  of  the  currents, 
and  the  central  track  of  the  strong  current  which  had  swept  over 
Somerset  and  Dorset  might  very  well  have  been  diverted  into  a 
more  southerly  course,  while  its  velocity  would  doubtless  be  at  the 
same  time  diminished.  It  might  still,  however,  be  strong  enough 
to  prevent  deposition  of  any  kind  over  the  area  between  Sidmouth 
and  Lyme  \mtil  the  very  close  of  the  Cenomanian  age.  It  is  prob- 
able also  that  the  establishment  of  such  conditions  was  assisted 
by  the  slope  of  the  sea  floor,  this  being  doubtless  toward  the  north 
and  ea*st,  so  that  the  water  was  deeper  in  those  directions.* 

Passing  over  the  wide  area  of  Midland  and  eastern  England,  in 
which  the  7X)ne  of  Ammonites  variant  is  more  or  less  argillaceous, 
we  come  to  the  northern  region  of  purer  sediment,  which  extends 
from  Stoke  Ferry  in  Norfolk  across  the  Wash  and  through  Lin- 
colnshire into  South  Yorkshire.  In  this  region  there  are  no  coarse 
sandy  deposits,  and  there  is  consequently  less  difficulty  in  imagining 
the  conditions  under  which  the  beds  were  formed. 

The  reduction  of  thickness  and  the  more  calcareous  nature  of  the 
chalk  shows  that  this  portion  of  the  sea  floor  was  quite  out  of  the 
range  of  the  cmrents  which  carried  muddy  sediment.  At  Speeton, 
however,  we  evidently  reach  the  border  of  a  tract  which  was  invaded 
by  such  a  mud-bearing  cmrent,  and  the  resulting  deposit  was  a 
true  chalk-marl.  Having  regard  to  the  great  distance  between 
Stoke  Ferry  and  Speeton,  about  112  miles,  it  does  not  seem  likely 
that  the  cmrent  carrying  mud  to  the  latter  was  a  branch  of 
that  which  carried  mud  to  the  former ;  it  is  more  likely  to  have  been 
a  distinct  cmrent  flowing  from  the  north  or  the  north-east. 

It  should  be  mentioned,  however,  that  the  comparatively  coarse 
and  shelly  character  of  the  Inoceramus-Beds  near  the  base  of  the 
(ylialk  in  this  part  of  Ebgland  testifies  to  the  existence  of  a  current 
strong  enough  to  carry  away  the  finer  particles  of  chalky  sediment 
that  would  otherwise  have  accumulated,  leaving  only  the  larger 
shell-fragments  and  the  mineral  grains.  It  is  clear,  however,  that 
this  was  a  ground-current  sweeping  the  floor  of  the  sea,  while  the 
mud-bearing  currents  may  have  been  surface-currents.  C!onse- 
(luently  the  current  which  is  indicated  by  the  Inoceramus-Bed 
may  have  come  from  quite  a  different  direction,  and  possibly  from 
the  south-west,  though  there  is  really  no  evidence  to  decide  from 
which  direction  it  came. 

The  Tottemhoe  Stcme  is  a  repetition  of  the  conditions  indicated 
by  the  Inoceramus-Bed,  only  they  extended  over  a  larger  area  of 
the  sea-floor.  Mr.  Hill  considers  that  the  structure  of  the  Tottem- 
hoe Stone  may  be  attributed  to  the  action  of  a  gentle  but  steady 
current  in  bearing  away  the  fine  material  which  forms  so  large  a 
part  of  the  beds  above  and  below  it  (see  p.  326).  Current  action  mi 

*  Sul)se(|uent  consideration  of  this  problem  has  led  me  to  think  that  there 
must  liavt;  been  some  unequal  crust-movements  in  Cenomanian  time. 
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indicated  also  by  the  extremely  even  size  of  the  constituent  frag- 
ments, and  by  the  layer  of  nodules  which  is  so  generally  found  at 
its  base  ;  these  nodules  being  indurated  and  pai'tially  phosphatised 
pellets  or  pebbles  of  Chalk  Marl. 

Now  the  current  which  carried  away  the  finer  material  can 
hardly  have  been  the  same  current  which  In'ought  the  ai-gillaceous 
material  of  the  marly  chalk  below.  Moreover,  the  fact  that  in  some 
places,  as  at  Arlesey  and  at  Tring,  there  ai*e  two  beds  of  shelly  stone 
divided  by  a  band  of  marly  chalk,  is  strongly  suggestive  of  two 
currents,  the  prevalence  of  the  one  causing  the  formation  of  quite 
a  different  kind  of  deposit  from  that  formed  under  the  influence 
of  the  other.  We  need  not  imagine,  however,  that  these  currents 
were  in  actual  conflict,  because  the  one  may  have  been  a  siu'face 
current,  and  tliat  which  controlled  the  formation  of  the  Totternhoe 
Stone  was  certainly  a  bottom-curi-ent.  It  was  probably  only  a 
temporary  cessation  or  diversion  of  the  ground-current  which 
allowed  of  the  de|X)8ition  of  the  intercalated  bands  of  chalk  marl. 

In  the  case  of  the  Totternhoe  Stone  it  is  noticeable  that  it  attains 
its  maximum  thickness  in  the  counties  of  Cambridge,  Hertford,  and 
Bedford,  and  that  it  has  not  been  traced  to  the  south  of  Chilton, 
in  Berkshire,  although  there  ai-e  beds  which  resemble  it  in  North 
Wilts  and  North  Hants.  On  the  other  hand,  it  extends  as  a  thin, 
but  continuous  Ijed  through  Norfolk,  Lincolnshire,  and  Yorkshire, 
where  the  underlying  beds  are  not  marly.  These  facts  seem  to 
prove  that  the  current  wliich  controlled  its  formation  was  quite 
unconnec'ted  with  the  mud-l)earing  current,  and  that  it  did  not  come 
from  the  south  nor  from  the  north,  where  the  bed  is  thinner  and 
less  sandy  than  in  Cambridgeshire.  On  the  whole,  it  seems  most 
probiible  that  the  ground  current  set  from  some  westerly  direction, 
either  from  the  south-west  or  possibly  from  the  inlet  opening  to 
the  noi'th-west ;  and  that  in  either  case  it  swept  eastward  and  north- 
eastward outi^ide  the  Pennine  promontory. 

The  layer  of  phasphatic  nodules  which  so  often  occui'S  at  the  base 
of  the  Totternhoe  Stone,  and  the  frequency  of  such  nodules  and  of 
phosphatic  fragments  in  the  stone  itself,  are  also  evidences  of  current 
action.  In  this  connection  also  may  be  mentioned  the  occasional 
occurrence  of  phosphatic  nodules  aljout  the  same  horizon  elsewhere, 
as  at  Punfield  Cove,  on  the  Dorset  coast,  and  at  Compton  Bay,  in 
the  Isle  of  Wight. 

These  phosphatic  nodules  appear  to  be  similar  to  those  w^hich 
frequently  occur  in  modern  sediments  of  all  kinds  within  a  certain 
distance  of  Continental  cx)ast-linas.  It  has  been  pointed  out  by 
Walther*  that  such  phosphatic  concretions  are  mast  frequent  off 
those  coasts  where,  owinj]^  to  the  meeting  of  warm  and  cold  currents, 
the  water  is  subject  to  marked  and  rapid  changas  of  temperature, 
as  off  the  Cape  of  (rood  Hojx*  and  on  the  east  const  of  North  America, 
He  thinks  it  probable  that  large  numbere  of  marine  organisms  are 
killed  by  the  changes  of  temperature  at  such  ))laoes,  and  that  an 

*  Eiuleitung  in  die  Geologic  als  historisclie  Wissenschaft,  p.  699,  Jena,  1894. 
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extensive  deposit  of  decomposing  organic  matter  is  thus  formed. 
In  this  way  alternations  of  beds  with  and  without  phosphatic  con- 
cretions may  \ye  produced.  He  is  also  of  opinion  that  the  concre- 
tions are  formed  in  the  deposit  as  it  acciunulates,  the  phospliatic 
material  being  separated  out  of  solution  and  deposited  round  various 
kinds  of  foreign  bodies  present  in  the  sediment. 

Walther,  however,  does  not  explain  very  clearly  how  the  solution 
of  phosphate  of  hme  may  be  formed,  and  on  this  point  my  colleague, 
Mr.  J.  J.  H.  Teall,  sends  me  the  following  note :— "  Decomposing 
organic  matter  gives  rise  to  carbonic  acid  and  ammonia.  These 
will  readily  dissolve  the  bones  of  fish,  and  thus  bring  phosphate 
of  ammonia  and  carbonate  of  lime  into  solution.  If,  then, 
this  solution  comes  into  contact  with  another  containing  an  excess 
of  carbonate  of  lime,  precipitation  of  phosphate  of  hme  will  occui*." 

Chalk  above  the  Totternhoe  Stane.— In  the  higher  part  of  the 
Lower  Chalk  there  is  clear  evidence  of  the  declining  power  of 
lx)th  the  currents  which  seem  to  have  played  a  part  in  the  form- 
ation of  the  lower  beds.  The  chalk  above  the  Totternhoe  Stone 
becomes  gradually  less  grey  and  less  shelly,  till  it  merges  into  a 
nearly  white  chalk,  and  it  was  pointed  out  long  ago  by  Mr.  Hill* 
that  this  was  due  to  the  increasing  preponderance  of  fme  chalky 
matter  and  of  calcareous  spheres.  The  deposit  finally  assumes  the 
character  of  an  oceanic  ooze,  without  any  glauconite,  and  with  no 
quartz  grains  which  could  not  have  been  carried  by  the  wind. 

In  the  "  rag-bed ''  of  the  country  between  Risborough  and  Dim- 
stable  we  have  evidence  of  a  local  and  temporary  recurrence  to  the 
conditions  of  the  Totternhoe  Stone,  but  in  the  whiter  and  upper 
part  of  the  Lower  Chalk  there  is  no  trace  of  current  action  and 
cnery  indication  that  the  deposit  was  formed  in  the  open  sea  at  some 
distance  from  land.  In  other  words  we  may  reasonably  conclude 
that  the  Cenomanian  sea  had  become  both  larger  and  deeper  in  con- 
sequence of  a  continued  subsidence  of  the  whole  region,  so  the 
currents  which  set  oflf  the  shore  could  not  carry  any  terrestrial 
detritus  into  the  more  central  parts  of  the  sea: 

Belemnite  Maris. — Under  these  conditions  some  thickness  of 
chalky  ooze  was  slowly  accumulated,  but  instead  of  a  ]iassage  into 
the  equally  calcareous  material  of  the  Melbourn  Rock,  as  we 
might  have  expected,  we  fmd  nearly  everywhere  an  interposition 
of  argillaceous  marl  either  in  one  or  in  two  beds.  It  would  seem, 
indeed,  as  if  for  a  brief  time  there  was  a  recurrence  to  the  con- 
ditions of  the  Chalk  Marl,  mud-bearing  currents  being 
re-established  over  nearly  the  whole  of  the  area  of  deposition. 

There  are,  however,  a  few  districts  where  there  is  either  a  com- 
plete or  nearly  complete  absence  of  marl,  and  just  such  a  passage 
from  the  Lower  to  the  Middle  Chalk  as  we  should  have  expected  to 
ha  the  more  general  tyi)e  of  sequence.  Thus  in  the  north-west  of 
Xorfolk,  where  all  mai'ly  \yeda  are  so  conspicuously  absent,  there 
is  no  repi'esentative  of  the  Kelemnite  marls.     In  South  Wilts  and 

*  See  Quart.  Journ.  Geol.  Soc.  Vol.  xlii.,  p.  228  (1880). 
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North  Dorset  there  is  often  only  a  single  thin  layer  of  marl,  and  in 
one  locality  at  least  the  Melbourn  Hock  actually  passes  down  into 
a  marly  chalk  of  ordinary  type  (see  p.  108).  In  West  Dorset,  a^ain, 
the  marl  bed  is  often  either  thin  or  absent,  though  in  other  places 
it  is  well  developed. 

On  the  other  hand,  there  are  places,  as  in  East  Dorset  and 
in  Sussex,  where  the  marl  swells  out  to  a  thickness  of  12  or  14  feet. 
Another  peculiarity  of  the  horizon  is  that  over  a  large  area,  from 
Berkshire  to  the  border  of  Suffolk,  its  usual  aspect  is  that  of  two 
thin  layers  of  laminated  marl  with  a  bed  of  compact  pure  white 
chalk  between  them. 

It  is  not  very  easy  to  imderstand  what  could  cause  such  a  sudden 
change  in  the  conditions  of  deposition  over  such  a  large  area,  but 
it  is  clear  that  some  special  occiurence  took  place  or  some  geographi- 
cal change  of  more  than  local  importance  in  consequence  of  which 
currents  of  considerable  power  were  set  in  action,  but  it  is  evident 
also  that  these  conditions  did  not  last  long,  that  they  were  of  the 
natiu^e  of  an  interruption  and  could  not  be  connected  with  the 
progress  of  a  gradual  and  continued  subsidence. 

Current  action  is  plainly  indicated  by  the  laminated  character 
of  the  marls,  by  the  occasional  occurrence  of  b'ecciated  beds,  and 
by  the  actual  erosion  of  underlying  chalk  which  seems  to  have 
occiured  in  some  places  Csee  p.  179).  The  Midland  facies,  moreover, 
shows  two  distinct  episodes  of  current  action  with  an  intervening 
period  of  quiet  deposition.  Lastly,  we  have  a  suggestive  fact  in  the 
occasional  occiurence  of  small  pebbles  of  quartz  and  quartzite,  two  of 
which  have  been  found  in  Cambridgeshire  and  one  in  Lincolnshire. 

The  most  simple  explanation  of  the  facts  which  occurs  to  me  is 
the  supposition  that  there  were  two  occasions  or  seasons  of  im- 
usually  heavy  lainfall,  causing  great  floods  in  the  valleys  of  the  larger 
rivers  which  discharged  themselves  into  the  Cenomanian  sea ;  the 
volume  and  velocity  of  these  rivers  being  thereby  so  greatly  in- 
creased that  their  cuiTents  carried  nuiddy  sediment  far  out  to  sea, 
just  as  the  Amazon  and  other  large  rivers  do  at  the  present  time ; 
only  that  what  is  usual  and  continuous  in  the  case  of  the  Amazon 
was  an  imusual  and  exceptional  occm^rence  in  the  case  of  the  rivers 
which  opened  into  the  Cenomanian  sea. 

The  above  hypothesis  has  the  merit  of  invoking  a  natural  cause, 
without  the  necessity  of  supposing  any  interruption  to  or  reversal 
of  the  general  movement  of  subsidence  which  is  indicated  by  the 
nature  of  the  preceding  and  the  succeeding  deposits.  It  will  account 
for  the  sudden  transition  from  ne^irly  pure  chalk  to  argillaceous 
marl,  for  the  small  thickness  of  the  marly  layers  and  for  their  epi- 
sodal  mode  of  occurrence ;  it  will  accoimt  for  the  local  variations 
in  the  development  of  the  marly  beds  and  at  the  same  time  for  the 
wide  distribution  of  the  argillaceous  material.  It  will  also  explain 
the  presence  of  the  pebbles  which  are  so  likely  to  have  been  trans- 
ported in  the  roots  of  trees  and  plants,  many  of  which  must  have 
been  carried  out  to  sea  under  the  circumstances  above  suggested. 
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Depth  of  Water. 

Coming  now  to  tlie  difficult  problem  of  endeavouring  to  gauge 
the  depth  of  water  beneath  which  the  Lower  Chalk  was  accunm- 
lated,  we  may  first  indicate  some  general  considerations,  and  then 
discuss  such  actual  evidence  as  is  available. 

Firat,  then,  the  mere  Change  from  Gault  mud  or  from  malm- 
stone  to  glauconitic  sand  and  marly  chalk  does  not  nec^essarily 
mean  an  inci^ease  of  depth,  but  only  a  change  in  the  direction  of 
mud-beai*ing  curi-ents.  Opposite  the  mouths  of  great  riven* 
terrigenous  mud  may  be  deposited  at  deptlis  of  over  1,000  fathonii^, 
as,  for  instance,  in  the  Arabian  Sea  and  in  the  Bay  of  Bengal, 
whei-e,  but  for  the  Indus  and  the  Ganges,  Globigerina  ooze  would 
doubtless  be  forming. 

It  is  true  that  in  the  case  of  the  Lower  Chalk  there  is  everv  reason 
to  suppose  that  the  change  was  brought  about^by  continued  subsi- 
dence, which  widened  the  area  of  the  sea  at  the  expense  of  the 
surrounding  land,  lessened  the  volume  of  the  rivers,  and  eventually 
Oldened  up  passages  into  other  seas,  by  means  of  which  the  dii'ection 
of  the  currents  was  gi-eatly  altered.  Still,  the  actual  amount  of 
vertical  subsidence  which  brought  about  the  final  change  need 
not  have  been  great ;  200  feet  is  only  a  little  over  33  fathoms,  and 
200  feet  might  w^ell  have  been  sufficient  to  submerge  much  land 
and  to  bi-each  impoi'tant  isthmuses. '  Yet,  if  the  depth  of  the  water 
during  the  formation  of  the  highest  part  of  the  Folkestone  Gault 
wiis  300  fathoms,  we  should  not  regard  an  increase  of  33  fathomi 
as  a  gi'eat  accession  of  depth. 

The  size  of  the  grains  of  mineral  detritus  in  a  deposit  is  rather 
an  indication  of  distance  from  land  than  of  the  depth  of  water, 
except  so  far  as  the  one  depends  on  the  other.  At  the  base  of  the 
Chalk  Marl  large  grains  of  quartz  often  occur  from  2  to  3  mm.  in 
diameter,  and  these  are  not  likely  to  occiu*  so  frequently  at  a  distance 
of  more  than  100  miles  from  land  or  at  deptlis  of  more  than  500 
fathoms.  They  indicate  the  action  of  strong  currents,  but  it  is 
noticeable  that  in  the  south-east  of  England  the  mineral  grains 
rapidly  decrease  in  size  upward ;  that  those  found  in  the  grey 
marls  seldom  exceed  *  5  mm. ;  while  in  the  higher  beds  they  seldom 
exceed    05— a  size  which  might  occur  in  almost  any  depth. 

We  mav  next  consider  whether  anv  of  the  fossil  remains  will 
afford  us  more  definite  evidence.  The  more  highly  organised 
creatures,  such  as  Fish  and  Cephalopods,  ai-e  of  little  value  in  this 
inquiry,  because  of  their  capacity  to  move  about  freely,  and  the 
same  may  be  said  of  the  Crustacea,  for  such  recent  Brachyuran 
forms  as  have  kindred  genera  in  the  Lower  Chalk  range  down  to 
500  or  600  fathoms,  while  the  Macruran  genera  range  to  over  1,0C0 
fathoms,  and  Cirripedes  to  much  greater  depths. 

Gasteropoda. — More  assistance  might  be  expected  from  Gastero- 
pods,  most  of  which  spend  their  adult  fives  on  the  sea  floor,  but  many 
genera  are  now  known  to  have  such  a  great  range  in  depth  that 
they  are  of  little  use  a§  bathymeters.     Thus,  for  instance,  the 

4219.  A  A 
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following  genera,  occurring  in  the  Lower  Chalk  and  now  existent, 
all  range  from  shallow  water  to  depths  of  over  1,000  fathoms : 
Aporrhais,  Cerithiopsis,  Dentalium,  Emarginula,  Fusus,  Naivxt, 
Scalaria,  Solarium,  Trochus,  and  Voluta,  Taking  those  species 
of  these  genera  which  are  found  between  100  and  1,000  fathoms, 
I  have  calculated  the  average  depth  at  which  they  occur  on  each  side 
of  the  Atlantic  on  the  authority  of  W.  H.  Dall*  for  the  American 
side,  and  of  Locardf  for  the  European  side.  On  the  American 
side  the  average  depth  comes  out  at  about  300  fathoms,  and  on  the 
European  side  at  263  fathoms.  But  this  result  is  of  little  value, 
because  there  is  such  great  vaiiation  in  the  range  of  the  species 
belonging  to  these  genera,  some  of  them  only  occtoring  in  small 
depths,  and  othera  occurring  at  or  ranging  to  the  greater  depths. 
Tlie  only  way  to  obtain  a  more  useful  result  would  be  to  compare 
the  Cretaceous  and  i-ecent  forms  species  by  species,  to  select  those 
of  the  latter  which  most  nearly  resemble  the  former,  and  then  to 
set  down  the  average  depth  at  which  these  representative  species 
are  found  in  modern  seas.  Such  a  comparison  would  require  a 
much  more  special  and  detailed  study  of  the  fossil  and  recent  shells 
than  I  have  time  or  opportimity  for. 

Lamellibranchiata.—Hie  remark  just  made  with  regard  to  the 
Gasteropods  holds  good  also  concerning  the  Lamellibranchs.  Most 
of  the  genera  which  are  found  in  the  Clialk  Marl  (zone  of  Ammo- 
nites varians)  oc€ur  also  in  the  Upper  Gault,  and  even  some  of  the 
species  ai*e  the  same,  or  represented  by  slightly  different  vai'ieties, 
such  are  Area  cariiiatn,  Nvcula  pectinata,  Cardita  tenuicosta, 
Lima  glol)osa,  Pecten  orbicularis,  NeUhea  quinquecostata,  and  Fli- 
catula  inflata.  I  think  it  may  be  said  that  thei'e  are  no  species 
in  the  Clialk  Marl  which  could  be  regarded  as  indicating  a  greater 
depth  of  water  than  any  in  the  Upper  Gault. 

There  are,  moreover,  some  genera  which  do  not  at  the  present 
day  extend  to  any  great  depth.  Thus  Ostrea  does  not  now  extend 
beyond  300  fathoms,  Pinna  does  not  range  beyond  200,  nor  Avicula 
l)eyond  350,  Tcllina  and  Cardita  do  not  range  beyond  GOO,  nor 
Spotulyhis  beygud  040.  This,  however,  is  negative  evidence,  and 
then*  is  no  reason  why  Ci'etaceous  species  of  Ostrea  and  Pinna 
should  not  have  ranged  into  deeper  water  than  300  fathoms,  for 
Mr.  E.  A.  Smith  cites  many  recent  species  which  livp  both  in  sliallow 
and  deep  water,  remarking  that,  "  so  far  as  oiu-  observations  liave 
reached  the  shells  appear  to  be  very  little  affected  by  the  ditfei-ence 
of  the  depth  or  the  nature  of  the  bottom."  J 

The  above  remarks  refer  exclusively  to  the  zone  of  Am.  variaiis 
in  the  east  and  south-central  parts  of  England ;  the  fauna  of  the 
arenaceous  beds  which  appear  to  represent  the  Chalk  Marl  in  Devon- 
shire exhibit  quite  a  different  facies.    These  beds  contain  a  number 

*  Catalogue  of  Marine  Mollusks  of  the  South- East  coast  of  the  United 
States,  1889. 
t    Coquilles  Marines  au  large  des  cdtes  de  France,  1899. 
t    Challen^r  Reports  (Lamellibranchiata), 'XoL  xiii.,  p.  6. 
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of  genera  which  are  absent  from  or  are  very  rare  in  the  former, 
such  are  Astarte,  Corbis,  Cardium,  Crassatdlay  Cyprina,  Gastro- 
chcena,  Pectunculits,  Trigonia,  and  Solen  (?  Solecurtvs) :  genera 
which  all  now  live  in  shallow  waters,  and  might  well  be  foimd 
together  in  about  50  fathoms.  There  can  be  little  doubt  that  the 
water  was  much  shallower  in  Devon  than  it  was  in  Kent. 

From  the  Brachiapoda  there  is  little  to  be  learned,  except  that 
the  conditions  of  the  T/)wer  Chalk  were  much  more  favourable 
to  them  than  those  of  the  Gault.  From  the  T^ower  Gault  of  Folke- 
stone Mr.  F.  G.  Price  records  only  the  doubtful  occurrence  of  one 
species.  In  the  Upper  Gault  there  are  two  genera  and  two  species ; 
in  the  Clialk  Marl  he  found  four  genera  and  nine  species.  Eut  this 
increase  is  probably  attributable  to  the  fact  that  these  genera  dis- 
liked muddy  water  then,  as  they  do  now,  though  they  can  live  on 
clean  sand,  for  out  of  twenty  species  found  in  the  Chalk  Marl 
generally  fourteen  occur  in  the  Warminster  beds. 

Of  Echiruxlermata  there  is  a  similar  increase  in  number  both 
of  species  and  of  individuals  in  passing  upward  to  the  Chalk  Marl 
in  the  south-east  of  England,  as  shown  in  the  following  table  :  — 

Genera.  Species. 

In  the  Lower  Gault 3  4 

In  the  Upper  Gault             5  8 

In  the  Chalk  Marl        - 11  26 

This  increase  may  be  partly  attributable  to  the  same  cause,  but  as 
only  fotirteen  species  range  up  from  the  Warminster  beds  into 
the  Chalk  Marl  of  Wiltshire  and  the  Isle  of  Wight,  some  of  those 
in  the  latter  may  have  come  in  with  deeper  water. 

Foraminifera.—TheBe  minute  organisms  probably  fm-nish  us 
with  better  bathymetric  evidence'  than  any  other  class,  because 
so  many  of  the  Cretaceous  species  have  survived  without  change 
to  the  present  day,  and  because  the  range  and  distribution  of  the 
recent  species  is  now  fairly  well  known. 

The  Foraminifera  found  in  a  deep-water  oceanic  deposit  differ 
from  those  found  in  the  leaser  depths  nearer  to  land  in  the  larger 
proportion  of  i)elagic  sj)ecies  and  in  the  smaller  number  of  species 
that  live  on  the  bottom.  Shallow-water  deposits  on  the  other  hand 
generally  contain  a  number  of  arenaceous  forms,  whose  tests  ai*© 
formed  largely  or  entirely  of  minute  grains  of  sand. 

The  abundance  of  such  Arenaceous  Foraminifera  in  the  marly  chalk 
of  the  Am.  varians  zone,  their  scarcity  in  the  higher  beds,  and  the 
significance  of  these  facts  was  first  pointed  out  by  Dr.  A.  F.  Hume*  ; 
the  significance  being  that  at  the  present  day  the  coarser  arena- 
C/eous  Foraminifera  are  abundant  down  to  the  depth  of  400  fathoms, 
but  beyond  that  depth  they  rapidly  l^ecome  scaice,  only  a  few  of 
the  more  widely  distributed  species  teing  found  at  greater  depths. 

He  also  indicated  the  remarkable  resemblance  that  exist*  between 

'  — 

*  Chemical  and  Micro-Mineralogical  Researches  on  the  Upper  Cretaceous 
Zones,  p.  81,  London,  1893.  See  also  Natural  Science.  Vol.  vii.,  p.  270 
(1895). 
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the  foraimiiiferal  fauna  of  the  Chalk  Marl  and  the  assemblage 
found  near  Culebra  Island,  in  the  West  Indies,  at  390  fathoms ; 
thus  in  the  Chalk  Marl  there  are  three  common  species  of  Textu- 
larva  {T,  turris,  T.  trochus,  and  T.  agglutiruins),  and  the  only  locahty 
where  these  three  have  been  found  existing  together  is  Culebra. 
T.  turris,  indeed,  has  only  been  found  at  two  other  places— viz.,  in 
the  Bahama  Channel  at  438  fathoms,  and  off  Pemambuco  at  350 
fathoms.  Other  species  conunon  to  the  Chalk  Marl  and  the  Culebra 
station  are  Gavdryina  pupoideSy  Bulimina  Predi,  Haplophragmium 
latidorsaium,  and  Ammodiscus  incertus. 

Again,  with  reference  to  the  Miliolines  we  find  another  significant 
coincidence,  Dr.  W.  B.  Carpenter  having  long  ago  pointed  out  that 
the  MiUolines  of  the  Chalk  Marl  are  small  and  delicate,  like  those 
which  now  occur  in  depths  between  300  and  500  fathoms. 

The  above  mentioned  considerations  certainly  make  it  probaUe 
that  the  Chalk  Marl  of  the  south-eastern  and  south-central  coimties 
was  formed  at  a  depth  approaching  but  possibly  rather  lees  than 
400  fathoms.  This  conclusion  is  greatly  strengthened  by  the 
contrast  exhibited  in  the  foraminiferal  fauna  of  the  upper  part  of 
the  Lower  Chalk.  On  .this  point  l)r.  Hume  makes  the  following 
remarks  :  **  In  the  moi^e  central  portions  of  the  mass  of  the  Lower 
Chalk  it  is  of  the  greatest  interest  to  note  that  all  the  Textularians 
disappear,  except  the  deep-sea  form  (T.  agglutinans),  and  a  very 
minute  species  which  only  occurs  in  the  higher  beds  and 
in  the  Middle  Chalk.  .  .  .  The  upper  beds  of  the  Lower 
CJhalk,  both  in  the  Isle  of  Wight  and  near  Lewes,  are  chiefly  charac- 
terised by  the  presence  of  a  particular  Bulimine  (B.  variabilis), 
together  with  some  of  the  above  typical  deep-sea  forms."* 

Finally,  he  comes  to  the  conclusion  that  "  a  depth  of  over  400 
fathoms  was  attained  befoi'e  the  Lower  Chalk  period  closed ; ''  in 
other  words,  it  would  seem  that  in  passing  upward  from  the  Chalk 
Marl  to  the  beds  of  nearly  white  chalk  which  underlie  the  Belem- 
nite  marls,  we  are  tracing  the  effects  of  a  subsidence  which  carried 
the  area  through  the  bath}*metrical  limit  of  400  fathoms,  and  that 
the  zone  of  Holaster  subglobosiis  was  formed  in  water  which  finally, 
approximated  to  a  depth  of  500  fathoms. 

We  think  that  many  parts  of  the  Lower  Chalk  must^  when 
deposited,  have  Ijeen  similar  to  the  calcareous  oozes  which  are  now 
found  off  the  coasts  of  Yucatan  and  Florida  in  depths  of  from 
35U  to  860  fathoms.  These  deposits  contain  from  08  to  83  per 
cent,  of  calcium  carbonate,  with  fix)m  15  to  7  per  cent,  of  soluble 
siliceous  oi^ganisras,  and  the  mineral  particles  in  them  average 
aliout  "07  mm.  in  size,  rarely  exceeding  '1  mm. 

•  The  Genesis  of  the  Chalk,  Proc.  Gcol.  See,  Vol.  xiii.,  p.  211, 
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CHAPTER     XXVI. 

Gl^^NERAL    ACCOUNT    OF    THE    MIDDLE     CfiALK     OR 

TURONIAN    STAGE. 

Definition  and  Limitation  of  the  Stage. 

There  have  been  several  attempts  to  establish  a  Middle  or  Medial 
division  of  the  English  Chalk  as  mentioned  in  a  previous  chapter 
(see  p.  4) ;  but  the  tirst  endeavour  to  found  such  a  division  on 
a  strictly  palseontological  basis  was  made  by  Caleb  Evans  in  1870.* 
His  "  Middle  Chalk,"  however,  consisted  of  but  one  zone,  that  which 
is  now  known  as  the  zone  of  TerebrcUulina  grdcUis,  and  he  did 
not  attempt  to  trace  it  beyond  the  immediate  neighbourhood  of 
the  line  of  section  which  he  described. 

It  was  reserved  for  Professor  Barrois,  in  1876,  to  show  that  we 
possessed  in  England  a  full  and  complete  equivalent  of  the  Turonian 
of  the  North  of  France ;  that  ite  lowest  zone  with  Iiwceramus 
mytiloides  could  be  traced  without  difficulty  from  Dorset  to  Norfolk, 
and  at  each  extremity  of  the  Wealden  area ;  and  that  its  upper  limit 
was  defined  by  the  "  Chalk  Rock  "  of  Mr.  Whitaker. 

The  survey  of  the  Cambridgeslure  Chalk  by  Mr.  Penning  and 
mvself  convinced  us  that  in  this  county  the  formation  fell  naturallv 
into  three  great  divisions,  and  the  general  results  of  our  work  weit) 
expressed  in  the  following  termsf :  — 

"(1)  That  the  zones  of  life  [in  the  Cambridgeshire  Chalk] 
are  similar  to  those  established  elsewhere,  and  have  been  actually 
traced  over  a  considerable  area. 

"(2)  That  there  are  two  breaks  of  more  or  less  importance 
marked  by  the  occurrence  of  the  hard  rocky  beds  which  are 
termed  the  Melboum  Rock  and  the  Chalk  Rock. 

"(3)  That  a  middle  division  of  the  Chalk  is  thus  marked 
off,  and  that  its  astablishment  is  confirmed  by  the  palseonto- 
lojrical  evidence/* 

The  facts  on  which  this  "  Middle  Chalk  '*  was  founded  were  fullv 
set  forth  in  the  Geological  Survey  Memoir  on  the  Neighbour- 
hood of  Cambridge  published  in  1881.  Since  that  time  there  has 
never  been  anv  doubt  about  the  lower  limit  of  the  Middle  Chalk, 
the  Melbourn  Rock  being  an  horizon  which  is  easily  recognised 
and  easily  followed  across  the  coimtry,  except  in  the  western  part 
of  Dorset.  Its  upper  limit,  again,  is  conveniently  marked  by  the 
(^halk  Rock  wherever  that  rock  is  developed  as  a  single  set  of  hard 
rocky  Ijeda,  but  where  this  is  not  the  case  upper  limit  of  the  Middle 
Chalk  w  less  definite. 

*  On  some  Sections  of  Chalk  between  Croydon  and  Oxsted,  GJeol.  Assoc. 
Separate  Paper,  (1870). 
t  Gaol.  Mag.,  Dec.  If.,  Vol.  vii.,  p.  254  (1880).    ' 
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In  the  publication  above  mentioned  the  Middle  Clialk  included 
three  zones,  the  succession  being  as  follows :  — 

(3.  Zone  of  Holaster  planus,  including  the  Chalk  Rock. 
2.  Zone  of  Terebratulina  gracilis. 
1.  Zone  of  Rhynchonella  Cuvieri  or  Inoceramus  mytiloides, 
with  the  Melboum  Bock  at  its  base. 

The  question  of  what  ought  to  be  regarded  -as  the  zone  of 
Holaster  planitSy  and  whether  the  Chalk  Rock  should  be  placed 
at  the  top  of  the  Middle  Chalk  or  the  base  of  the  Upper  Chalk, 
are  points  upon  which  we  have  spent  much  time  and  consideration, 
for  even  whei-e  the  Chalk  Rock  is  well  developed  there  is  not  always 
a  clearly  marked  plane  of  division  either  at  its  base  or  at  its  top, 
such  as  there  is  generally  between  the  Lower  and  the  Middle  Chalk. 

The  history  of  the  zone  of  Holaster  jUanus,  so  far  as  England  is 
concerned,  may  be  summai-ised  as  follows.  Hubert,  writing  in  1874, 
indicated  the  zone  as  comprising  the  central  part  of  the  "  nodular 
chalk"  of  Dover.*  Professor  Barrois  in  187Gt  ti'aced  this  zone 
through  various  parts  of  England,  and  regarded  the  Chalk  Rock  as 
its  equivalent.  The  result  of  collecting  in  Cambridgeshire  between 
187G  and  1877  showed  that  Hoi,  planus  was  fairly  common  below  the 
Chalk  Rock,  and  in  1880  it  was  proposed  to  group  50  or  60  feet 
of  this  soft  chalk  with  the  Chalk  Rock  in  a  zone  of  Holaster  ploinus^X 

The  Dover  section  was  again  described  in  1886,§  and  as  the 
Holaster  was  foimd  to-  be  commonest  in  the  lower  beds,  while 
Micraster,  especially  the  species  breviporus  (  =  A/.  Ijeskei),  was  com- 
moner in  the  upper  part,  it  was  proposed  to  malce  two  zones,  one 
of  Holaster  planus  and  another  of  Micra^ter  bredporus,  Tliis,  how- 
ever, has  not  proved  satisfactory,  the  faimas  are  not  sufficiently 
distiiftt,  and  the  faima  of  the  Chalk  Rock  is  found  both  in  and 
above  the  zone  of  M.  hreviporus. 

It  is,  no  doubt,  quite  possible  to  indicate  at  Dover  a  set  of  beds 
characterised  by  a  special  fauna,  of  which  H.  planus  might  be  taken 
as  the  index,  but  there  is  no  w^ell  marked  summit  to  such  a  zone, 
which  graduates  up  into  that  usually  known  as  the  zone  of  Micraster 
cortestudinarium.  Moreover,  the  zone  so  defined  may  be  I'egai'ded 
as  the  expansion  of  the  Chalk  Rock,  but  for  that  very  reason  is 
not  the  equivalent  of  the  zone  of  Holaster  planus  as  defined  in  1880 
for  Cambridgeshire  and  in  1889  for  the  counties  of  Oxford  and 
Buckingham.il 

The  fact  is  that  Holaster  pianus  ranges  through  a  considerable 
thickness  of  chalk,  commencing  high  up  in  the  Terdrratulina  zone, 
and  dying  out  in  that  of  Micraster  cortestudinarium.  It  is  not, 
of  course^  necessary  that  the  range  of  the  species  which  is  chosen 
as  the  index  of  a  zone  should  be  restricted  to  that  zone,  but  only 

•    Bull.  Soc.  G^ol.  dc  France,  Ser.  3,  Tom.  II.  p.  423. 
t    Rccherches  siir  le  Terr.  Cr^t.  Sup.,  passim. 
X    See  Geol.  Ma^.,  Dec.  II.,  Vol.  vii.  p.  248. 

8    By  William  Hill.     See  Quart.  Journ.  Geol.  Soc.,  Vol.  xlii.  p.  23?. 
II    See  Memoirs  of  the  Geological  Survey,  Geology  of  the  Neighbourhood 
of  Cambridge  (1881),  and  Geology  of  London  (1889). 
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that  it  should  be  most  common  within  such  limits ;  thus  we  are 
not  obhged  to  include  the  chalk  below  the  Chalk  Bock  in  this  zone 
just  because  Holaster  planus  occura  in  it. 

Mr.  H.  Woods  has  pointed  out*  that  the  Chalk  Bock  facies  of 
this  zone  would  be  more  conveniently  indicated  by  the  name  of 
Heteroceras  reussianum,  a  species  which  is  widely  distributed  and 
has  been  chosen  as  the  index  for  the  zone  in  Grermany.  The  only 
objection  to  this  is  the  great  rarity  of  the  Heteroceras  in  France 
and  the  South  of  England. 

But,  having  defined  the  zone  of  Hd,  planus  as  that  where  this 
fossil  is  generally  most  abundant,  and  is  associated  with  the  fauna 
of  the  Chalk  Bock,  we  are  next  faced  by  the  question  whether  this 
zone  should  be  included  in  the  Middle  Chalk  or  not.  The  first 
consideration  should  unquestionably  \ye  given  to  the  fauna,  and 
this  has  been  carefully  studied  by  Mr.  H.  Woods.  Of  the  56  species 
of  Cephalopoda,  Gasteropoda,  and  Lamellibranchiata  examined  by 
him,  no  fewer  than  twenty-five  ai-e  at  present  only  known  in  the 
(^halk  Bock  beds  ;  of  the  remainder  nine  or  ten  have  an  exclusively 
downward  range,  and  the  only  two  which  range  up  and  not  down 
are  Lima  granosa  and  Lima  Hoperi.  Of  Brachiopods  there  are 
only  two  which  are  specially  Senonian— viz.,  TerAratula  camea 
and  Rhyncliondla  ociaplicata.  Of  Ixhinoderms  eight  species  are 
mentioned  by  Mr.  Wood,  and  two  others  are  now  known  to 
occur :  of  these  four  range  both  up  and  down,  four  aie  species 
which  only  range  upwards  (Cardiaster  ananchytis,  Echinocorys 
vulgaris,  Micraster  prcecursor  and  M,  cortestudinarium).  The 
two  other  species  mentioned  by  Mr.  Woods,  I  regard  as  of  doubt- 
ful occurrence  in  Chalk  Bock ;  these  are  Galerites  albogalerus, 
^'ery  rare  and  possibly  a  rather  flattened  specimen  of  (?.  svbrotun- 
dusy  and  a  doubtful  specimen  of  Cyphosamxi  spatuliferum. 

Mr.  Woods  remarks  that  **  on  the  whole  I  am  inclined  to  think 
that  the  affinities  of  the  fauna  are  closer  to  the  Turonian  than  to 
the  Senonian."  I  am  of  the  same  opinion ;  moreover,  E.  Hubert, 
Professor  Barrois,  and  other  French  geologists  had  previously 
come  to  the  same  conclusion,  and  of  late  years  it  has  been  usual 
in  France  to  include  the  zone  of  Holaster  planus mthe  Turonian. 

Are  we,  then,  to  place  the  upper  limit  of  our  Middle  Chalk  at  the 
top  of  this  zone  of  Hoi.  planus  or  Heteroceras  reussianum  ?  Unfor- 
tunately the  zone  has  no  definite  top  which  can  be  followed  for 
any  great  distan  (.»,  for  beds  having  the  lithological  character  of 
the  Chalk  Bock  occur  at  various  horizons  above  the  lowest  and 
most  fossiliferous  bed,  while  in  some  districts  there  are  no  such 
rock-beds  at  all.  Neither  is  there  at  anv  horizon  such  a  marked 
change  of  fauna  as  would  enable  us  to  be  sufe  when  we  passed 
from  one  zone  to  another,  except  in  those  districts  where  typical 
Chalk  Bock  is  well  developed  and  fossiliferous. 

There  is,  in  fact,  a  very  close  relationship  between  the  zones  of 
Holaster  planus  and  Micraster  cortestudinariwn^ ;  so  close,  indeed, 

♦  Quart.  Joum.  Geo!.  See.,  Vol.  lii,,  p.  70,  (1896).  «  . 
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that  I  am  inclined  to  think  the  chief  faunal  difference  between 
them  Ls  the  absence  in  the  latter  of  those  species  which  have  hitherto 
l)een  only  found  in  the  Chalk  Bock.  Consequently,  1  am  di4ven 
to  the  conclusion  that  if  the  zone  of  Holdster  planus  has  to  be  in- 
cluded in  the  Middle  Chalk,  the  zone  of  M.  cortefstudvnarium  must 
also  be  taken  into  the  same  stage.  This  is  the  conclusion  to  which 
SchlUter  came  when  dealing  with  the  Chalk  of  Westphalia,*  and 
to  which  Professor  Barrois  also  came  with  respect  to  the  Chalk  of 
France  in  1878.t 

But  if  we  adopted  this  arrangement  we  should  be  as  far  as  ever 
from  having  a  satisfactory  base  for  our  Upper  Chalk,  for  though 
many  species  which  are  common  in  the  zones  of  Hoi.  planus  and 
After,  cortsstudinarium  die  out  in  the  zone  of  M.  coranguiimm  they 
seem  to  do  so  gradually,  and  we  have  not  been  able  to  discover  any 
horizon  which  can  be  followed  tlirough  the  country  as  a  line  of  division 
between  the  zones  of  3/.  cort^udinarium  and  M.  coranguinum. 

On  the  other  hand,  there  are  few  places  where  there  is  much 
difficulty  in  drawing  a  line  at  the  base  of  the  Chalk  Bock  or  of  the 
beds  which  correspond  with  it ;  this  line  has  indeed  been  actually 
drawn  over  a  large  part  of  England,  it  is  engraved  on  many  of 
the  maps  of  the  Geological  Sun-ey,  and  the  chalk  above  it  has 
generally  been  described  in  Survey  publications  as  Upper  Chalk. 
It  has  consequently  been  decided  to  continue  this  arrangement 
and  nomenclature.  In  this  memoir,  therefore,  the  Middle  Chalk 
will  be  regarded  as  consisting  of  two  zones  only,  namely : 

2.  The  zone  of  Terebratvlina, 
1.  The  zone  of  Kkyrvdwndla  Cuvieri. 

It  must  be  remembered,  however,  that  the  Terebratulina  zone  of 
this  memoir  will  include  all  the  chalk  which  lies  below  the  Chalk 
Bock  of  Oxfordshire  and  Buckinghamshire,  and  consequently  takas 
in  that  w^hich  w^as  described  as  the  zone  of  Holaster  planus  in  the 
memoir  on  the  Geology  of  Tx)ndon  (1889) ;  it  also  includes  some 
l)eds  in  Dorset  and  in  the  Isle  of  Wight  which  have  been  regarded 
hitherto  as  Upper  Chalk. 

The  Middle  Chalk  is  thickest  in  the  south-east  of  England,  where 
it  ha3  a  maximum  of  240  feet,  thence  it  diminishes  w^estward  till  it 
is  only  aljout  130  feet  in  South  Dorset  and  less  than  100  feet  in 
North  Dorset,  but  increases  again  in  Devon  to  140  feet.  In  parts 
of  Wiltshire  it  is  only  80  or  90  feet  thick,  but  thickens  n  )rth- 
ward  till  it  reaches  a  maximum  of  230  feet  in  Cambridgeshire, 
but  again  thins  to  little  over  100  in  Norfolk. 

Zones  of  the  Middle  Chalk. 
Zone   of   Bhynchonella  Cuvieri. -This   zone   was   fii*st 

established    in   France  by  Professor  Hubert  (18G())  as  the  zone  of 


•  Verhandl.  des  naturh.  vereins  der  Preuss.  u.  Westf.  xxxiii.,  Jahrg.  4 
folge  iii.  Band.  p.  330. 
t  Terr.  Cr^t.  des  Ardennes,  Ann.  Soc.  G^l.  Nord.  Tom.  v.,  p.  434. 
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Cidaris,  hirudoy  but  Dr.  Barrois*  in  1873,  preferred  to  call  it  by 
the  name  of  Inoceramus  labiatvs,  and  it  is  so  designated  in  his 
*'  Kecherches  sur  le  Ten-ain  Cr^tac^  Sup^rieur.''  (1876.)  This 
species,  however,  is  more  coirectly  called  /.  mytiloides  (see  Fig.  57). 

When  describing  the  Chalk  of  Cambridgeshire  in  1880  and  18811, 
I  proposed  to  take  Rhynchotwila  Ouvderi  (Fig.  62)  for  the  index 
species,  as  the  typical  form  of  this  shell  was  generally  abundant 
in  the  zone.  This  has  been  accepted  by  subsequent  writers,  and  it 
is  now  usually  known  in  England  by  this  name. 

It  coincides  with  the  "  chalk  without  flints,  but  with  many  thin 
beds  of  organic  remains  *'  (nodules)  of  W.  Phillips'  description  of  the 
Dover  Chalk  J ;  and  with  Beds  viii.  and  ix.  of  Mr.  Price's  section 
in  1877.  §  It  is  also  to  be  identified  with  the  Upper  Harden 
Park  Beds  of  Mr.  Caleb  Evans  in  Surrey.il 

From  its  more  or  less  nodular  charactei*  and  its  creamv  white 
or  yellowish  tint,  it  forms  a  contrast  to  the  grey  Belemnite  marl  at 
the  top  of  the  Lower  Chalk  and  to  the  compact  white  chalk 
which  generally  underlies  that  band.  This  nodular  •  character 
is  most  marked  at  the  base  of  the  zone,  and  the  lowest  beds  over 
the  greater  part  of  England  form  a  band  of  hard  nodular  rock, 
to  which  the  name  of  Melbourn  Rock  was  given  in  1880,  from 
the  village  of  Melbourn,  near  Royston,  in  Cambridgeshire. 

The  Melbourn  Rock  may  be  described  as  a  hard  nodular  chalky 
limestone,  forming  three  or  four  massive  beds  when  quarried, 
but  weathering  into  a  series  of  nodular  and  less  nodular  layers. 
The  rock  consists  of  a  compact  matrix  in  which  small  lumps  or 
nodules  of  hard  white  chalk  are  arranged  in  planes  or  layers.  The 
thickness  of  such  rocky  chalk  varies  in  different  places,  but  in 
the  southern  and  midland  counties  it  is  generally  from  8  to  10  feet ; 
it  passes  up,  however,  into  the  hard  bedded  shelly  chalk  of  the  over 
lying  zone,  the  small  nodules  becoming  fewer  and  fewer  and  the  chalk 
more  compact,  but  more  rough  and  shelly.  The  lower  fart  of 
the  rock  often  has  a  greenish-white  tint  and  a  marbled  appear- 
ance from  the  presence  of  a  greenish-grey  marl  w^hich  is  ananged 
in  wavy  layers  round  the  nodules  ;  this  part  generally  forms  one 
massive  bed  3  or  4  feet  thick,  and  the  nodules  are  less  regularly 
arranged  than  in  the  higher  part,  which  generally  splits  into  two 
or  three  beds  and  is  of  a  yellowish-white  colour. 

Mr.  Hill  remarks,^  "  There  seems  to  be  every  gradation  in  the 
definition  of  the  individual  nodule  from  a  well-defined  sharply- 
angular  fragment  to  the  nodule  whose  shadowy  outline  blends 
with  and  is  scarcely  traceable  in  the  mass  of  the  chalk.    In  size 

•  Note  sur  le  Terr.  Cr^t.  entre  Saint  Omer  et  Boulogne,  Mem.  Soc  des 
Sciences,  Lille,  Tom.  xi. 

t  See.  Qeol.  Mag.,  Dec.  2,  Vol.  vii.  p.  248,  and  the  Geology  of  the  Neigh- 
bourhood of  Cambridge,  Mem.  Geol.  Survey,  1881,  p.  60. 

Z  Trans.  Geol.  Soc.,  Ser.  1,  Vol.  v.  p.  16. 

§    Quart.  Journ.  Geol.  Soc.,  Vol.  xxxiii.  p.  431. 

"  On  some  sections  of  Chalk  between  Croydon  and  Oxted,  Geol.  Assoc., 
Separate  Paper. 

•:    In  "  Geology  of  London,"  Mem.  Geol.  Survey,  1889,  Vol.  i.,  p.  522. 
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they  vary  greatly,  from  a  minute  particle  not  larger  than  a  pm's 

head to  the  rounded  lump  to  which  young  oysters  may 

often  be  found  adhering."  He  also  points  out  that  the  shapes  and 
outlines  of  the  nodules  can  be  seen  very  well  if  a  hard  specimen 
of  the  rock  be  groimd  down  and  smoothed  to  a  level  surface. 

Fossils  are  seldom  found  in  the  lower  part  of  th6  rock  except 
the  small  attached  valves  of  young  oysters  which  occasionally 
occur  on  the  nodules ;  but  Rhynchonella  Cuvieri  and  a  few  other, 
species  occur  in  the  upper  beds,  ranging  thence  through  the  zone 
of  Rhynckondla  Cuvieri. 

The  hai'd  and  nodular  character  of  the  Melboiu'n  Bock  enables 
it  to  resist  atmospheric  disint^ration  better  than  the  blocky  and 
marly  Lower  Chalk,  so  that  its  outcrop  generally  makes  a  well 
defined  feature.  When  the  Middle  Chalk  is  fairly  thick  and 
the  dip  is  slight  there  is  generally  a  double  escarpment,  the  first 
slope  being  capped  by  the  Melbourn  Rock  and  the  second  slope 
by  the  Chalk  Bock.  The  boundary  line  of  the  Melbourn  Bock 
has  been  engraved  on  all  the  maps  of  Chalk  areas  published  by 
the  Geological  Survey  since  1880. 

The  Melbourn  Bock  is  thickest  in  Kent  and  Sussex,  and  was 
described  as  the  "  Grit  Bed  **  by  Mr.  Price.  It  is  traceable  west- 
ward into  Dorset  and  northwards  into  Norfolk,  but  ceases  to  l)e 
distinguishable  from  the  rest  of  the  zone  in  the  north-west  of  the 
latter  countv. 

Upwards  the  Melbourn  Bock  passes  into  a  rather  liard  and  rough 
kind  of  chalk,  somewhat  yellowish,  and  lying  in  regular  beds  which 
are  fi'equently  divided  by  layers  of  loose  marly  chalk.  Nodules 
like  those  in  the  Melbourn  Bock  are  still  abundant  in  the  lower 
pai*t  of  this  chalk,  but  gradually  disappear  in  the  higher  beds. 
The  shells  of  Inoceramus  mytiloides  are  abundant  in  these  beds, 
and  their  broken  fragments,  large  and  small,  make  up  a  consider- 
able proportion  of  its  mass.  Scattered  nodules  of  flint  sometimes 
occur  in  the  higher  beds,  but  they  are  never  fi-equent. 

lUiynchoneHn  Cuvieri  is  common  throughout  these  beds,  and 
in  many  localities  Gardiaster  pygrrucus,  Discoidea  Dixoni,  and 
Gdlerites  suhrofuiulus  may  l)e  found.  Micrasters  are  rarely  found 
in  this  zone,  except  in  Devonshire,  where  Micraster  corbovis  and 
M.  Leskei  are  not  uncommon  in  association  with  large  Cardiaster 
pygrrKeus  quite  at  the  base  of  the  zone.  The  characteristic  Am- 
monite of  the  zone  is  Avi.  [Accmthoceras]  nodmoides  (see  Fig.  5G), 
though  it  cannot  be  called  common. 

The  thickness  of  this  zone,  including  the  Melbourn  Bock,  doefl 
not  vary  greatly  in  the  southern  and  midland  counties,  where  it  is 
generally  between  00  and  80  feet  thick,  the  chalk  rapidly  losing 
its  nodular  and  shelly  character  at  this  distance  from  the  Ixise. 
When  traced  northward,  however,  it  diminishes  in  thickness,  l)eing 
only  15  feet  thick  in  Lincolnshire  and  still  less  in  Yorkshire. 
On  the  Devon  coast  also  it  is  in  some  places  only  14  feet  in 
thickness. 
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The  Terebratulina  Zone, 

This  zone  was  established  in  France  by  Pix)fe88or  Barrois  in 
1873,  and  identified  in  England  by  the  same  author  in  1870. 
Since  that  dat«  it  has  been  known  as  the  zone  of  Terdmit'utina 
gracilis  both  in  England  and  France,  but  I  am  informed  by  Dr.  F. 
L.  Kitchin  that  the  true  Ter.  gracUiSy  so  far  as  we  know,  is  re- 
stricts to  the  higher  part  of  the  Upper  Chalk,  and  that  the  form 
which  is  80  abundant  in  the  Middle  Chalk  is  that  named  Ter, 
gracilis,  var.  lata,  by  Mr.  Etheridge  in  1881.*     (See  Fig.  59.) 

Mr.  E.  T.  Newton  agrees  with  Dr.  Kitchin  in  regarding  this 
form  as  distinct,  but  tney  consider  that  until  the  nomencJaturo 
of  the  species  belonging  to  this  genus  is  definitely  settled  it  is 
best  to  write  this  form  as  Terebratulina  gracilis  var.  lata,  Eth. 

While  therefore  it  is  clear  that  we  cannot  continue  to  speak  of 
the  Middle  Chalk  zone  as  that  of  Ter,  gracilis,  it  would  oe  pre- 
mature to  call  it  the  zone  of  Ter.  lata,  because  this  may  not  be 
the  rightful  name  of  the  species  or  variety.  Consequently  in 
this  volume  we  shall  call  it  simply  the  Terebratulina  zone,  using 
the  name  lata  only  where  the  occurrence  of  that  form  is  men- 
tioned, but  entering  it  in  all  fossil  lists  as  Terebratulina  gixicilis, 
var.  Uita, 

This  zone  is  the  "  chalk  with  few  flints  ^  of  W.  Phillips's  section 
at  Dover  (1834),f  and  corresponds  with  the  Upper  Marden  Park 
Beds  of  Calel)  Evans  in  Surrey  (1870).  It  exhibits  very  uniform 
characters  throughout  the  southern  counties  and  as  far  north  as 
the  Ix)rder8  of  Suffolk  and  Norfolk.  The  lower  part  consists  of  rather 
soft  dull  white  chalk,  with  occasional  thin  seams  or  layers  of  soft  gre}' 
marl,  whicli  is  more  or  less  argillaceous.  The  bedding  of  the  chalk  be- 
tween the  layers  of  the  marl  is  generally  obsciu^e,  so  that  it  comes  away 
in  large  massive  blocks.  The  chalk  which  succeeds  is  similar,  but 
contains  layers  of  flint  nodules  as  well  as  seams  of  marl.  In  the 
South  of  England  the  flint-beds  are  few  and  far  between  except 
in  Devonshire,  where  they  are  very  numerous  and  caused  this 
zone  to  be  mistaken  for  Upper  Chalk.  In  the  counties  of  Cam- 
bridge, Suffolk,  and  Norfolk  also  they  are  more  numerous  than 
in  the  south,  and  are  often  elongate  or  finger-shaped,  and  cm-ved 
or  horn-sliaped.  In  Lincolnshire  and  Yorkshire  layers  of  flints  are 
very  frequent. 

The  limits  of  the  zone  have  already  been  discussed  (p.  360),  and 
we  need  only  repeat  that  in  this  memoir  it  is  considered  to  extend 
up  to  the  base  of  the  Chalk  Kock  wherever  that  is  present.  It 
is  thus  strictly  equivalent  to  the  Ter,  gracilis  zone  of  Professor 
Barrois,  and  to  that  so  called  in  the  Survey  Memoir  on  the 
Neighbourhood  of  Cambridge  (1881). 

*  Geology  of  the  Neighbourhood  of  Cambrirlgft,  Mem.  Qeol.  Survey,  p.  147, 
PI.  3,  Fig.  14. 
t  Trans.  Geol.  See.,  Vol.  v.  p.  16. 
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After  Terehrahdina,  the  commonest  and  most  characteristic  fossil 
of  this  zone  is  Galerites  subrotundus.  Inoceramus  mytUaides 
ranges  up  into  it,  and  a  larger  species,  the  Inoc.  Cuvieri  of  Sowerby, 
is  also  common.  Spondylus  spinosm  is  another  fossil  of  frequent 
occiu'rence.  Holaster  planus  makes  its  appearance  in  the  higher 
beds,  and  is  associated  with  Micraster  corbovia  and  3/.  Leskei.  The 
Ammonites  which  occur  in  this  zone  are  Am.  [Prionotrapis]  Wool- 
garif  Am,  [Pachydiscus]  peramplus,  and  a  form  w^hich  is  gen- 
erally known  as  Am,  [Haploceraa]  lewesiensisj  but  may  be  a 
different  species  from  that  occurring  in  the  Lower  Chalk ;  none 
of  them  are  of  common  occurrence.  Fish  remains  are  common 
in  some  places,  and  Ventriciditea  are  of  frequent  occurrence  in  the 
higher  beds. 

In  the  south-eastern  and  midland  counties  the  thickness  of  the 
Terebratulina  zone  is  from  130  to  160  feet,  but  westward  it  thins 
greatly  till  in  some  parts  of  Dorset  it  is  not  more  than  50  feet 
thick.  Northward  also  from  Cambridgeshire  it  becomes  rapidly 
thinner,  and  in  Norfolk  it  is  apparently  only  about  GO  feet  thick ; 
in  lincolnshire,  however,  it  is  thicker  again,  and  is  well  developed 
in  Yorkshire,  exhibiting  a  great  thickness  of  flint-bearing  chalk 
in  the  cliffs  near  Speeton. 

Comparative  tables  showing  the  development  of  the  Middle  Chalk' 
in  various  parts  of  England  will  be  found  on  pp.  409  and  558. 

Fossils  of  the  Middle  Chalk. 

The  fauna  of  the  Middle  Chalk  differs  very  considerably  froni 
tliat  of  the  Lower  Chalk.  Very  few  species  range  up  from  the 
Lower  Chalk  into  the  zone  of  Rhynchondla  Cuvieri,  and  though 
some  do  reappear  in  the  Chalk  Rock  (zone  of  Holaster  planus), 
the  statement  made  in  1880*  still  remains  true— namely, "  that 
a  dintinet  palaeontological  break  occurs  at  the  horizon  above  men- 
tioned, and  that  a  large  number  of  species  became  extinct  or  mi- 
grated to  other  areas."  Perhaps  the  most  noticable  feature  of 
the  Middle  Chalk  fauna  is  the  incoming  of  the  genus  Micraster ; 
in  Devonshire  two  species  of  this  genus  are  not  uncommon  in  the 
lower  part  of  the  zone  of  Rhynchondla  Cuvieri,  and  Micraster 
c^)rhovis  is  not  uncommon  in  the  higher  part  of  the  Terebra- 
tulina zone  in  Kent,  Sussex,  Cambridgeshire,  and  Suffolk.  These 
and  the  other  English  sjiecies  of  Micraster  have  been  recently 
CArefully  distinguished  and  described  by  Dr.  A.  W.  Rowe.f 

On  the  whole  the  Middle  Chalk  is  not  rich  in  fossils,  though  in- 
dividual specias  like  Rhynckondla  Cuvieri,  Terebratulina  lata, 
and  certain  species  of  Inoceramus  are  often  abundant. 

ReptUia.— So  far  as  w^e  are  aware  few  Reptilian  renmins  have 
baen  recorded  as  coming  with  certainty  from  the  Middle  Clialk, 
but  there  is  no  reason  to  doubt  that  such  remains  occur  in  this  part 
of  tjie  Chalk.  Cimoliosaurus  Bernardi,  for  instance,  is  recorded  bv 


♦   Oool.  Mag.,  Dec.  2,  Vol.  vii.,  p.  255. 

t    See  Quart.  Journ.  Geol.  Soc.,  Vol.  Iv.,   p.  494.    (1899.) 
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Fossils  of  the  Middle  Chauc. 

Fin.  5fi.— Aiiimonitefi  [Acanthoceras]  nodoBoides,  Sc/Uotk.    i  ant.  size. 
Fig.  57.— Inoceramus  mytiloides  Sow.    Nat.  size. 
FiCi.  hS. — Inoceramus  Cuvieri,  Mant.    Small  specimen,  nat  size. 
Fifi.  59.-  Terebratulina  gracilis,  var.  lata,  Eth.     Three  times  nat.  size. 
Fig.  60.— Terebratula  semigloboea,  Sow.    Nat,  size. 
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Fossils  of  the  Middle  Chalk. 


Fro   61  — SpondyluB  spinoans,  Sow  (Nat,  size.) 

Fit.   62.— Eliynchonella    Cuvien     (fOrb.     a,  front  view ;    i,    side  view. 

Flo.  63.— CardiaHt«r  pygnweus,  Forbes,  a,  apical  view ;  *,  posterior  view. 

Enlarged. 
Fio.  64.— Galerites  subrotundus,  Mant.     a,  front  view  ;    /,,  side    view. 

Nat.  size. 
Flo.  65.— Hemiastcr  minimns,  Ag.     a,  aide  view ;  b,  apical  view.  Enlarged 

by  i. 
Fig.  66.— Discoidaa  Dizoni,  Forbes,    a,  side  view  ;   b,  basal  view.    Twice 

nat  size. 
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Owen  as  obtained  from  the  chalk-pit  at  Houghton,  near  Arundel, 
and  the  larger  pits  there  are  in  Middle  Chalk. 

Mr.  Hill  found  a-  tooth  of  Polyptychodon  in  the  zone  of  Holaster 
planus  at  Dover. 

Pisces.— Remains  of  Fish  are  abimdant  in  some  localities, 
especially  in  the  counties  of  -Kent  and  Sussex.  Many  of  the  species 
are  the  same  as  those  occurring  in  the  Lower  Chalk,  such  as 
Ptychodus  decurrens,  Pt.  mammUlaris,  Macrapoma  Mantdli  and 
Beryx  (Ctenothrissa)  radians.  There  are  also  a  few  such  as  Oxtfrhina 
crassideas  and  Ptyckodns  Oioeni,  which  have  as  yet  only  been 
recorded  from  Middle  and  Upper  Chalk. 

Cep/ioZopocZa.— Remains  of  large  Ammonites  occur  occasionally 
in  the  lower  part  of  the  Middle  Chalk,  and  the  small  species  Am. 
[Prionocyclvs]  Neptuni  has  been  found  by  myself  in  Devon  and 
identified  by  Mr.  H.  Woods.  The  following  is  a  complete  list  of 
the  species  which  have  been  recognised  in  this  stage:—     ' 

Ammonites  [Haploceras]  catinus,  Afant. 

Acanthooeras]  Cunningtoni,  Sharpe 
'Haploceras]  lewesiensis  1  Mant. 
{Prionocyclus]  Neptuni,    Geinitz 
[Acanth9oeras]  nodosoides,    SrMiiter.    (Fig.  56.) 
'   I  „  [Pachydiscus]  peramplus,  Mant 

„  [Acanthooeras]  rusticiis,  Sow. 

„  [Prionotropis]  Woolgari,  Mant. 

Gasteropoda,  —Fossils  of  this  class  are  very  rare  in  the  Middle 
Clialk,  except  for  occasional  specimens  of  Pleurotomaria  perspec- 
tiva,  but  Aporrhais  Mantdli,  emd  SclarieUa  gemmata  {^  Turbo 
yemmatus)  have  also  been  found. 

Ijamdlibranchiaia, --The  commonest  bivalves  in  the  Middle  Chalk 
are  species  of  Inoceramus  (Figs.  57  and  58) ;  the  lower  beds  are 
the  home  of  Inoc,  mytUoides  (the  /.  lahiatt^  of  French  geologists), 
and  the  higher  beds  contain  Inoc,  Cuvieri  with  other  species  not 
yet  clearly  defined.  Spondylus  spinosus  (Fig.  61)  first  occurs  in  the 
Terehratuliiia  zone,  and  thence  ranges  upwards  into  Upper 
Chalk.  A  few  others,  such  as  Pecten  Beaveri,  Ostrea  vesicularis, 
an  I  tipomlylus  latus,  range  up  from  the  liower  Chalk. 

Drachiopoda.—ln  the  Middle  Chalk  Brachiopods  are  often  verj* 
numerous  individually,  but  So  not  belong  to  many  different  specieS; 
and  the  following  are  those  usually  found,  all  except  Terebratvlina 
lata,  ranging  up  from  below.  :  — 

Rhynchonella  Cuvieri,  d'Orh,    (Fig.  62.) 
Terebratula  semiglobosa,  Sow,    (Fig.  60.) 
Terebratulina  gracilis,  Schloth,  var.  lata.  Eth.    (Fig.-  59)  • 
„  striata,  Wahl. 

Echinodermata. — Members  of  this  class  are  fairly  abundant 
throughout  the  Middle  Chalk,  but  more  especially  in  the  lower 
portion,  and,  so  far  as  I  know,  only  three  species  range  up  from  the 
Lower  Chalk ;  these  are  Galerites  castanea,  Hemiaster  minimus 
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aiid  GlyiJufcypkus  nuliatus.    The  following  are  the  most  charac- 
tei-istic  species:— 

Cardiaster  pyginseus,  Forbes  (Fig   63). 
Cidaris  hirudo,  Sari$', 

„       serrifera,  Forbes 

„        Sorigneti,  Geinitz 
Cyphoeoma  radiatum,  Sorig. 
Dtscoidea  Dixoni,  Forbes  (Fig.  60). 

„        minima,   Ag. 
Gileritei  subrotundus,  ManU  (F.  .  (jA\ 
Hemiaster  minimus,  Ag,  (Fig.  65). 
Holaster  planus,  Mant, 
Micraster  corbovis,  Forbes 
Salenia  granulosa,  Forbes 

Acii/iozoa.— The  only  corals  which  have  yet  been  found  in  the 
Middle  Chalk,  are  AzogaMer  cretacea  and  Pardsmilia  centralis,  and 
they  are  rare. 

Spmjidci.—Spongea  are  rare  in  the  lower  beds,  but  become 
common  at  the  top  of  the  Terebratulinu  zone.  The  following 
include  those  which  ai'e  of  most  geneml  occurrence  : — 

Cephalites  Bcnettise,  Mant 

„  longitudinalis.  Smith  ' 

Craticularia  Fittoni,  Mant. ' 
Guettardia  stellata,  Mich, 
Plocoscypbia  convoluta,  Smith 

„  flexuosa,  Mant, 

Steletta  inclusa,  Hinde 
Ventriculites  alcyonoides,  Mant^, 

decurrens,  Smith 

impressus,   Smith 

radiatus,   Mant. 
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CHAPTER   XXVII. 

THE   MIDDLE   CHALK   IN   KENT. 

1.  The  Coast  Section. 

Oeneral    Description. 

As  in  the  case  of  the  Lower  Chalk,  we  shall  commence  our  de- 
scription of  the  Middle  Chalk  with  the  section  exposed  in  the  Kentish 
cliffs  near  Dover,  and  once  more  we  must  refer  to  the  excellent 
description  of  the  chalk  of  these  cliffs  by  W.  PhiUips  in  1818,  and 
to  Mr.  Wliitaker's  supplementary  account  in  1872.  Those  of 
Phillips's  divisions  now  included  in  the  Middle  Chalk  are  as  follow  :  — 

Bed  b.— Chalk  with  interspersed  flints  [lower  part  only]. 
Bed  c— Chalk  with  few  flints,  130  feet  thick. 

Bed  d.— Chalk  without  flints,  but  containing  numerous  thin  beds  of 
organic  remains  [?  nodules]  90  feet. 

He  describes  Bed  "d  "  as  yellowish  and  haixl,  but  does  not  mention 
that  the  lowest  part  is  harder  than  the  upper ;  he  does,  however, 
say  that  the  "  thin  beds  of  organic  matter  are  nearly  in  contact 
in  the  lower  part  of  the  stratum,  and  are  more  separate  in  the  uppei* 
part  of  it/*  a  remark  which  clearly  appUes  to  the  layers  of  yellowish 
nodular  lumps.  He  also  notes  the  quantity  of  shell  fragments 
which  are  present—"  a  large  proportion  of  them  being  varieties  of 
the  striated  shell  or  Inoceramus."  He  also  mentions  that  "Am- 
monites from  12  to  18  inches  in  diameter  are  not  uncommon." 

Mr.  Whitaker  notes  that  "  this  division,  from  its  hardness,  causes 
the  overhanging  profile  at  the  lower  part  of  Shakespeare's  Cliff,* 
the  underlying  softer  chalk  being  worn  away  from  below  it  by  the 
sea  " ;  and  he  mentions  that  nearer  Folkestone  this  lower  massive 
part  often  falls  in  large  blocks.  This  part  represents  the  Melboum 
Rock  and  Phillips's  Bed  "  d  "  practically  coincides  with  the  modem 
zone  of  Rhynchondla  Cuvieri,  but  the  thickness  given  is  alx)ut 
20  feet  too  much. 

Bed  "  «,"  described  by  Phillips  as  soft  white  chalk,  is  the  Tere- 
bratulina  zone,  and  it  is  a  cuiious  fact  that  when  Mr.  W.  Hill 
studied  the  Middle  Chalk  of  Dover  in  1886  he  placed  its  uppei* 
limit  at  exactly  the  same  horizon,  though  he  had  not  then  read 
Phillips's  accoimt.    In  that  accoimt  f  it  is  stated  that  the  "  chalk 

*  Since  Mr.  Whitaker  uTOte,  this  portion  of  the  cliff  has  fallen  and  no 
longer  overhangs,  though  in  time  the  erosion  of  the  waves  will  doubtless 
produce  a  similar  conformation. 

+  See  Conybeare  and  Phillips,  Qisologj'  of  England  and  Wales,  p.  99. 

42)9.  Bb 
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with  interspersed  flints  is  separated  from  that  with  few  flints  by 
a  bed  of  marl  2  or  a  inches  thick  " ;  further,  that  "  about  20  feet 
below  that  bed  two  somewhat  thicker  beds  of  soft  chalk  marl  run 
parallel  with  each  other,  and  with  the  line  of  separation,  and  at 
about  3  feet  apart/'  Lastly,  beneath  the  topmost  thin  bed  of  marl 
"  two  thin  beds  of  separate  fiints  are  very  visible.''  The  accuracy 
of  this  will  be  seen  by  comparing  it  with  the  vertical  section  given 
in  the  later  paper  referred  to.  • 

In  1874  Hubert  published  a  detailed  description  of  the  Middle 
and  Upper  Chalk  as  seen  near  Dover.f  This  we  shall  have  occasion 
to  discuss  further  on,  and  need  only  hei'e  mention  that  he  gives  a 
table  comparing  his  divisions  with  those  of  Phillips,  and  that  his 
divisions  are  as  follows:— 

Metres. 

Cra\e hHolaitter planus    - 8orl2:t 

Jnoceramus  labiatusy  divided  into 

o.  zone  sup^rieur  k  Rhynchanella  Cuvieri  et  Inocer- 

amus   Brongniarti  .        -       -       -  35+ 

6.  zone  moyenne,  craie  noduleuse  4  Am.  nodosoides 

and  Am.  rusticus 25 

c,  zone  inf^rieure,  craie  argileuse  4  Bel.  plenus        -  14 

Professor  Barrois  in  1876  adopted  Hebert's  divisions,  but  made 
a  somewhat  difi'erent  grouping,  referring  the  zone  of  2?ei.  p/e/iws  (r) 
to  the  Cenomanian  or  Lower  Chalk,  calling  the  next  division  (6) 
the  zone  of  Inoceramuslabiaivs,  and  (a)  the  zone  of  TerebrattUina 
grdcilis.  These  two  zones,  with  that  of  Holaater  plantis,  he  groui)ed 
as  Turonian. 

In  1877  the  lower  part  of  the  Middle  Chalk  as  seen  near  Lydden 
Spout  was  described  by  Mr.  F.  G.  H.  Price,  ||  who  employe!  the 
old  classification  of  Lower  Chalk  without  flints  and  Upper  Chalk 
with  flints,  so  that  his  measurements  ceased  at  the  first  line  of 
flints.  His  Bed  viii.,  which  he  calls  the  "  grit-bed  "  or  zone  of  Car- 
didster  pygmwus,  is  the  lower  32  feet  of  Barrois'  zone  of  Inoc. 
labiatm  and  his  Bed  ix.  includes  the  rest  of  this  zone  and  pai-t  of 
the  zone  of  Terebratulina  gracilis,  with  a  thickness  of  118  feet  up 
to  the  first  line  of  flints,  which  Mr.  Price  took  as  the  base  of  the 
Upper  Clialk. 

In  1880  the  Middle  Chalk,  as  developed  in  Cambridgeshire,  was 
defined  and  established,  ^f  and  in  1886  Mr.  W.  Hill  studied  the  Middle 
Chalk  of  Dover  and  compared  its  sub-divisions  with  those  estab- 
lished in  Cambridgeshire.**  In  1897  Mr.  Hill  re-examined  the 

*  On  the  Beds  between  the  Upper  and  Lower  Chalk  of  Dover,  by 
W.  Hill,  Quart.  Joiirn.  Geol.  Soc.,  Vol.  xlii.  p.  232  (1886). 

t  Comparaison  de  la  Craie  des  c6tea  d'Angleterre  avec  celle  de  France, 
Bull  Soc.  G^ol  de  France,  Ser.  3,  T.  ii.  p.  416. 

t  These  thicknesses  arc  much  too  little.  Hubert  appears  to  have  thought 
that  the  chalk  at  the  base  of  the  cliff  cast  of  Dover  belonged  to  the  top  of 
the  nodular  chalk  d  Am.  vodosoide$,  and  so  missed  out  about  70  feet. 
I'  Quart.  Journ.  Geol.  Soc.,  Vol.  xxxiii.  p.  431. 

IF  "On  the  Sub-division  of  the  Chalk,"  by  A.  J.  Jukes-Browne.    Geol. 
Mag.,  Dec.  II.,  Vol.  vii.,  p.  248. 
** William  Hill,  Quart.  Joiu-n.  Geol.  Soc.,  Vol.  xlii.  p.  232. 
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Dover  cliflfs  for  the  purpose  of  revising  his  previous  description 
and  of  fixing  on  the  most  convenient  plane  for  the  summit  of 
this  division. 

Still  more  recently  the  two  zones  comprised  in  the  Middle 
Chalk  have  been  described  bv  Dr.  A.  Rowe.* 

The  following  account  of  the  beds  seen  in  these  cliffs  has  been 
drawn  up  from  Mr.  HilFs  paper  and  from  his  subsequent  notes. 
The  lower  beds  are  most  accessible  by  the  cliff  path  at  the  westein 
entrance  of  the  tunnel  through  Shakesjieare  s  Cliff  (see  Fig.  24, 
p.  35),  and  though  the  very  highest  part  of  the  Middle  Chalk 
occurs  in  this  cliff,  it  is  inaccessible,  and  the  higher  beds  must  be 
studied  on  the  shore  east  of  Dover  (see  Fig.  67). 

Zone  of  Bhynchonella  Cuvieri. 

The  lower  part  of  this  is  the  "Grit-bed"  of  Price,  and  is 
imdoubtedly  the  equivalent  of  the  Melboum  Rock,  although  it  hei-e 
attains  a  much  greater  thickness  than  in  any  other  locality.  The 
lower  12  feet  consists  of  hard  whitish  nodular  chalk  streaked  with 
veins  of  greyish  marly  material,  while  the  uppei'  20  feet  is  yellowish 
and  less  compact,  the  tiodular  layers  weathering  out  very  con- 
spicuously. In  these  respects  it  closely  resembles  the  Melbourn 
Bock  of  the  Midlands.  IHacoideaminimusndCardiaMerpygmcpxis 
ave  the  two  commonest  fossils,  but  GalerUes  aubrotundus  appeal's 
at  the  top  of  the  bed. 

Above  the  "  grit-bed  "  thei-e  is  rather  hard  yellowish  chalk  con- 
taining harder  nodules,  which  are  arranged  in  more  or  less  definite 
layers,  which,  however,  become  moi-e  distant,  and  the  chalk  between 
becomes  gradually  softer  in  the  higher  part  of  the  zone. 

This  nodular  chalk  extends  for  about  38  feet,  giving  by  our 
measurements  a  total  of  70  feet  to  the  zone  of  Rliynchoiiella  Cuvieri. 
This  is  rather  less  than  the  thickness  assigned  to  the  nodular  chalk 
by  Professor  Hubert  (his  zone  of  Amrrumites  nodo8oides)y  which 
was  82  feet,  but  it  closely  corresponds  with  the  measurement  of 
Mr.  F.  Di-ew,  who  found  the  "  concretionary  chalk  "  to  be  73  feet 
thick.j  Rhynchondl^  Cuvieri  and  Inocerarmismytiloides  (=  labiatus) 
are  the  prevalent  fossils  in  this  part  of  the  zone. 

The  Terebratulina  Zone. 

This  zone  consists  of  dull  white  rather  soft  friable  chalk,  with 
many  tliin  seams  of  greyish  marl,  and  in  the  upper  part  it  contains 
several  layera  of  flint  nodules,  each  at  some  distance  from  the  other, 
except  the  two  highest  layera,  which  are  near  together.  The  total 
thickness  is  about  160  feet. 

Above  the  highest  well  marked  nodular  layer,  which  is  taken 
as  the  top  of  the  underlying  zone,  the  small  Brachiopod  Terebratur 
Una  gracilis  var.  lata,  occurs  abundantly  both  in  Shakespeare's 


♦  Proc.  GeoU  Assoc.,  Vol.  xvi.,  p.  315  (1900). 

+  In  Whitaker's  Geologj'  of  the  London  Basin,  Mem.  Geol.  Survey,  1872 
Vol.  ix.,  p.  3  .  .--...  ,  , 
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Cliff  and  on  the  east  of  Dover.  Another  frequent  and  character- 
istic fossil  is  Inoceramus  Cuvieri,  and  in  the  upper  beds  Micraster 
corbovis  and  Hdaster  planus  are  not  rare. 

The  first  layer  of  flints  oc^jui's  about  00  feet  above  the  bed  taken 
as  the  base  of  the  zone,  and  very  little  more  of  the  clialk  can  be 
reached  by  Shakespeare's  Cliff,  but  above  the  entrance  to  the 
tunnel  at  Haycliff  there  is  about  20  feet  of  chalk  above  this  line 
of  flints,  and  we  believe  that  the  chalk  exposed  above  the  beach  at 
the  eastern  end  of  the  town  of  Dover  is  very  little,  if  at  all,  above  that 
which  forms  the  top  of  the  cliff  above  the  Haycliff  Tunnel. 

Near  the  base  of  this  eastern  cliff'  two  well-marked  seams  of  grey 
marl  may  be  seen,  the  upper  one  containing  some  fossils  and  small 
embedded  pebbles  of  chalk.  About  16  feet  above  these  is  a  layer 
of  flints,  succeded  by  about  30  feet  of  chalk,  in  which  there  are 
two  discontinuous  layers  or  lines  of  flints.  Above  this  come  two 
well-marked  layers  of  argillaceous  marl,  separated  by  a  bed 
of  somewhat  nodular  chalk,  with  irregular  greyish  veinings  4  feet 
thick.  In  these  beds  Tertbratulirui  gracilis  var.  lata,  Rliynchonella 
Cuvieri,  and  Irwceramus  mytiloides  are  common. 

Tlie  upper  layer  of  marl  is  succeeded  by  about  15  feet  of  whitish 
chalk  with  grey  veinings,  and  near  the  top  of  this  ai^e  two  con- 
spicuous layers  of  flints  about  3  feet  apart.  Then  comes  another 
layer  of  grey  marl,  which  is  the  bed  taken  by  Phillips  as  the  limit 
Ijetween  his  "  chalk  with  few  flints  "  and  the  "  chalk  with  many 
flints  " ;  this  layer,  too,  was  afterwards  taken  by  one  of  us  as  the 
summit  of  the  Terebratulina  zone.*  Now,  however,  we  prefer 
to  carry  this  zone  about  IG  feet  higher  up ;  the  chalk  above  this 
marl  band  is  soft  and  whitish,  but  it  includes  Irnnps  of  very  hard 
crystalline  chalk,  which  near  the  top  become  numerous,  and  have 
a  tendency  to  arrangement  in  layers.  This  chalk  contains  some 
specimens  of  Holaster  planus.  It  is  succeeded  by  a  bed  about  4  feet 
thick,  which  is  full  of  flints,  and  this  we  take  as  the  base  of  the 
Upper  Chalk.    (See  Fig.  68.) 

Since  the  above  was  written  Dr.  Howe  has  published  an  account 
of  the  Dover  cliffs,  with  especial  reference  to  the  zonal  distribution 
of  the  fossils,  f  His  measurements  of  the  distances  between  the 
marl-bands  in  the  east  cliff*  agree  very  nearly  with  ours,  but  he 
takes  the  upper  limit  of  the  zone  at  a  seam  of  marl  which  is  ahiout 
7  feet  above  the  plane  which  we  regard  as  the  base  of  the  zone  of 
Holaster  planus.  The  fact  appears  to  be  that  the  change  from  the 
fauna  of  one  zone  to  that  of  the  other  takes  place  in  this  7  feet  of 
chalk  ;  Holaster  planus  is  fairly  common  in  it,  and  though  Micras- 
ters  are  rare  and  Echinocorys  does  not  seem  to  occur,  we  prefer 
to  take  the  flint-bed  as  the  top  of  the  zone,  because  a  similar  but 
rather  thinner  bed  of  flints  occurs  in  the  inland  sections,  while  the 
marl  band  is  not  recognisable  inland. 

*W.  Hill  in  Quart.  Journ.  Geol.  Sec.,  Vol.  xlii.,  p.  235  (183^-.). 
t  Prc)C.  Oeol.  Assoc.,  Vol.  xvi.,  p.  289  (1900). 
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at  the  juDctioD  of  the  Terebratulina  zone  with  that  oil/otaitfr  /•/inuf 
The  numbera  refer  to  the  description  given  on  p.  377 
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The  following  is  an  abstract  of  the  section  in  the  lower  pai*t  of 
East  Cliff,  Dover  :- 


Zone  of 
11.  planus,  \ 


Terebra- 
tulina 
Zone, 


( 


f  1  Rough  nodular  rocky  chalk      -       -       -       - 

2  Layer  of  flints  

3  Smooth  chalk  with  a  seam  of  marl  in  the  middle 

4  Layer  of  flints   - 

5  Rough  lumpy  chalk 3 

6  Seam  of  soft  grey  marl,  forming  an  open  crevice. 

7  Rough  lumpy  chalk  wi^h  Hdaster  planus- 
V  8  Chalk  with  many  flints         .       -       -        - 

9  Soft  white  chalk  enclosing  lumps  of  hard  chalk, 
which  are  most  numerous  in  the  upper  part-  IG 

10  Seam  of  grey  marl  forming  an  open  crevice. 

11  Soft  white  chalk       -        -        -        -        -        -  15 

12  Two  layers  of  marl  enclosing  a  baud  of  chalk 

which  is  veined  with  grey  marl       -        -        -     4 

13  Soft  white  chalk  with  occasional  flints     -        -  46 

14  Chalk  with  two  seams  of  marl  At  the  top     -  10 


ft. 

in. 

4 

0 

0 

4 

2 

8 

0 

4 

3 

0 

3 

6 

4 

0 

0 

0 

0 
0 
0 
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Tlic  numbers  prefixed  to  the  beds  refer  to  those  in  Fig.  68. 


Fossils  from  the  Middle  Chalk  of  Dover. 


The  following  list  of  fossils  from  the  Middle  Chalk  of  Dover  has 
l)een  compiled  from  the  lists  given  by  Mr.  W.  Hill  and  Dr.  A.  W. 
Rowe  in  their  respective  papers  above  mentioned,  the  initial  letters 
indicating  by  whom  each  species  is  recorded:— 


Pisces 

Beryx  sp. 

Corax  falcatus,  Ag. 
Lamna  appendiculata,  Ag. 
„  plicatella,  Reuss  - 
Macropoma  Mantelli,  Ag. 
Oxyrhina  Mantelli,  Ag.  - 
Ptychodus  decurrens,    Ag. 

„         mammillaris,    Ag.  - 
polygyrus,  Ag. 
Scapanorhynchus  subulatus,  Ag. 


Cephalopoda  and  Gasteropoda. 


Ammonites 


^Haploceras]  catinus,  Mant.     -    - 
Acanthoceras]  Cunningtoni,  Sharpe 
„  ]  nodosoides,  SchlUter 

Pachydiscus]  peramplus   Mant.  - 
Aporrhais  sp.    -       -       - 
Pleurotomaria  perapcctiva,  Mant.     - 
Solariella  (Turbo)  gemmatus,  Sow.  - 


>» 
» 
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Zone  of 
Cuvieri, 


Zone  of 

Ter. 
gracilis. 


Lamellibranchiata, 

Inoceramus  Brongniarti  ?  Sow. 

„  Cuvieri,    Sow,        -       -       - 

„  Lamarcki,    Mant       •  - 

„  mytiloides,    Mant, 

»  8P- 

Ostrca  canaliculata,  iS'oii^.   -       -       -       - 

„     hippopodium,  N%ls9.     -       -  - 

„     normaniana,  (TOrh.       -       -  - 

„     semiplana,  Sow,     -       -       -  - 

„     vesicularis,  Lam,    -       -       -  - 
Pecten  cretosuB,    Defr,  (=nitidus,  Mant,) 

,,      (Neithea)  quinquecostatus,  Sow,  • 

Plicatula  Barroisi,  Peron 

„         sigiilina,  S,   Woodw, 

Ptadidites  Mortoni,  Mant,  -       -       -  - 
Spondylus  dutempleanus,  d'Orb. 

„         latus    Sow,       -       .       -  . 

„         spinosus,  5oi0.  -       -       -  - 

Bmchiopoda, 
Crania  egnabergensis,  Betz.       ... 
Rhynchonella  Cuvieri,  d*Orb.    -       -       - 
„  „    var.  (small  and  round) 

„  reedensis,  Eth.    -       -       - 

„  Woodwardi,  Dav, 

Tercbratula  semiglobosa,  Sow.   - 
Terebratulina  gracilis,  var.  lata.,  Eth 
„  striata,  Wahl.     - 

Cru$ta>cea  and  Annelida, 

Pollicipes   striatus,   Darw. 

Scalpellum  maximum,  Sow.     -        -  . 

Serpula  ampullacea.  Sow.  ... 

„       fluctuata,  Sow.     -  -       -  - 

„       granulata.  Sow.    -  .       -  - 

„       ilium,  Sow.   -  .        .  . 

„        plana,  Woodw.      -  -        .  - 

„        plexus,    Sow.       -  -        -  - 

Echinodermata 

Bourgueticrinus  sp. 

Calliderma  mosaicum,  Forbes 
Cardiaster  pygraaeus,  Forbes 
Cidaris  hirudo,  Sorig.       -        -        -        . 
„      perornata,    Forbes        ... 
„      serrifera,  forte*     .       -        -        - 
Cyphosoma  magnificum,  Ag,     - 
„  radiatum,  Sorig.     - 

Discoidea  Dixoni,  For^«     .... 

„         minima,  Ag,     - 
Galerites  castanea,  Brongn.  -    - 

„  globulus,  Desor     -        -        - 

,,  subtctundus,  Mant.     - 
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Zone  of 

Rh, 
Cumeri, 


Zone  of 

Ter. 
gracilis. 


Qlyphocyphus  radiatus,  Hoening.  - 
Hemiaster  minimus,  A  (/.  -  -  - 
Hoiaster  planus,  Mant,     -       -       - 

„       placenta,  Agr.      - 
Micraster  corbovis,   Forbes 

„         Leskei,  Desm,  -        -        - 

Ophiura  sp. 

Pentacrinus  sp. 

Salenia  granulosa,   Forbes 


Actinozoa. 
Axogaster  cretacea,  Londs. 
Parasmilia  centralis,  Mant 


Spongida, 
Camerospongia  capitata.   Smith 
Cephalites  Benettise,  Mant 

„         longitudinalis,  T.  Smith    - 
Cliona  cretacea,  Portl.      -        -        . 
Craticularia  Fittoni,  Mant, 
Doryderma  ramosum,  Mant,     - 
Guettardia  steliata,  Mich, 
Heterostinia  obliqua,  Benett 
Piichinion  scriptum,  Boemer     r 
Pharetrospongia  Strahani,  Sollas 
Phoiadocladia  ramosa,  Hinde     - 
Plinthosella  compacta,  Hinde    - 
Plocoscyphia  convoluta.   Smith 
„  labrosa.  Smith     - 

Porosphaera  globularis,  Phil.     - 
Ragadinia  sulcata,   Hinde 
Siphonia  Koenigi,  Mant,    -       -        - 
Stelletta  inclusa,  Hinde     -        -        - 
Stichophyma  tumidum,  Hinde 
Ventriculites  cribosus,  Phil,     - 

decurrens,   Smith 
irapressus.   Smith 
infundibuliformis,   ^^ood^^\ 
mammillaris.  Smith     - 
radiatus,    Mant, 
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2.   The   Inland   Parts   of   Kent. 

The  base  of  the  Middle  Chalk  is  well  defined  inland  in  Kent  bv 
the  hard  rough  nodular  beds  of  the  Melbouni  Rock.  This  rock, 
known  at  Dover  as  the  Grit  Bed,  rapidly  diminishes  in  thickness 
from  32  to  only  12  or  15  feet,  and  in  quarries  it  generally  presents 
the  characteristic  features  of  the  Melboum  Rock  of  Cambridgeshire 
and  Hertfordshire. 

This  rocky  chalk  is  overlain  by  the  firm  white  chalk  of  the  zone 
of  Rhynchonella  Cumeri,  which  is  divided  into  courses  of  variable 
<liicknes8  by  thin  seams  of  marl  ;  this  gradually  gives  place  to  the 
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massively  bedded  white  ohalk  of  the  Terebrntulina  zone.  In  the 
upper  part  of  the  latter  zone  well  marked  layers  of  marl  occur,  like 
those  at  Dover,  though  the  seams  do  not  all  appear  to  be  at  the 
same  horizon ;  flints  also  occur  either  as  scattered  nodules  or  in 
widely  separated  layers.  In  the  highest  part  of  the  Terebratulina 
zone  hard  crystalline  lumps  occm-,  which  frequently  show  the 
structure  of  Yentricvlites  or  other  sponges  in  iron  stains. 

Although  many  borings  have  been  made  through  the  Chalk  of 
Kent,  in  no  case  have  the  well  sinkers  preserved  a  siifficient  record 
of  the  characters  of  the  different  beds  traversed  to  enable  us  to 
recognise  with  certainty  the  top  and  bottom  of  the  Middle  Chalk ; 
but  it  is  probably  over  200  feet  thick,  and  if  a  boring  at  Sitting- 
lx)urne  recorded  by  Mr.  W.  Whitaker  is  correctly  interpreted,  it 
is  there  about  221  feet  thick* 

The  following  is  a  brief  account  of  the  more  important  of  the 
exposures  seen  along  the  outcrop  of  the  Middle  Chalk  through 
Kent. 

Stratigraphical  Details. 

All  the  following  information  was  obtained  by  Mr.  W.  Hill, 
during  a  rapid  survey  of  the  outcrop  in  1897.  He  did  not  visit 
such  quarries  and  exposiu*es  as  exist  between  Folkestone  apd  Bra- 
bourne,  as  these  are  not  Hkely  to  differ  from  the  corresponding 
portions  of  the  coast  section,  but  took  up  the  inland  outcrop  near 
Brabourne  and  the  valley  of  the  Wye. 

The  Melbourn  Bock  is  not  infrequently  exposed  along  the  base 
of  the  North  Downs,  but  the  upper  part  of  the  zone  of  Rhxfnch. 
Cuvieri  is  seldom  seen.  Nearly  all  the  quarries  which  have  been 
opened  on  the  slope  of  the  Downs  between  the  Valley  of  the  Wye 
and  the  western  border  of  Kent  are  worked  in  the  soft  white  chalk 
of  the  Terd)ratvlina  zone.  Many  are  very  large,  but  the  chalk 
seems  now  to  be  used  only  in  small  quantities  to  make  lime  for 
local  purposes.  The  chalk  is  massively  bedded,  featureless,  and 
almost  unfossiliferous,  so  that,  although  the  quarries  often  exhibit 
fine  sections,  they  are  as  a  whole  uninteresting. 

Hard,  rough  nodular  chalk  with  Rkynckondla  Cuvieri  can  be 
seen  in  the  ^leld-way  over  the  Downs  from  Newgate  Scrubbs,  ea«t 
of  Brabourne  and  a  large  (juarry  on  Braboiu-ne  Down  is  opened  in 
the  lower  part  of  the  Terebratulina  zone. 

In  the  valley  of  the  Wye  a  small  quarry  by  the  roadside,  330 
yards  north  of  the  main  entrance  to  Olantigh  Towers,  exposes 
hard  rough  chalk  wliich  is  probably  the  top  of  the  Melbourn  liock. 
Similar  rock  is  seen  again  in  a  quarry  300  yards  south  of  All  Saints 
Church,  at  Boughton  Court  (see  p.  48) ;  and  on  Whit«  Hill,  half 
a  mile  north  of  Boughton  Corner,  is  a  large  quarry  in  the  upper 
part  of  the  Terebratulina  zone.  The  chalk  exposed  here  includes  two 
marly  layers  and  a  bed  with  hard  lumps  or  masses  showing  the 
structure  of  sponges  in  iron  stains ;  many  large  flints  are  also  seen. 


♦  The  Rochester  Naturalist,  Vol.  iii.,  p.  60  (1901). 
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At  Charing  the  large  quarry  north  of  the  village  shows  50  feel 
of  firm  white,  massively-bedded  chalk  belonging  to  the  lower  part 
of  the  same  zone ;  at  the  base  of  the  quarry  face  is  a  marked  nodule- 
bed  which  contained  many  lumps  of  iron  pyrites  ;  spines  of  Cidaris 
serrifera  also  occurred  in  it.  Rhynchonella  Cumeri  (small),  Tere- 
bratul^  semiglobosa,  and  Lima  spinosa  were  obtained  throughout, 
l)ut  only  two  or  tlu-ee  specimens  of  Terebratulina  gracilis  var.  lata 
were  found,  and  those  in  the  upper  part  of  the  quarry.  A  few  flints 
were  seen  at  the  top. 

The  Hart's  Hill  quarry,  a  little  further  west,  is  in  chalk  at  a  some- 
what lower  horizon,  and  probably  touches  the  zone  of  Rhync,  Cutieri. 
In  the  lower  part  of  the  quarry  GalerUes  svbroturuius  occurred ; 
in  the  higher  part  there  is  a  face  of  some  55  to  60  feet  in  white, 
softish,  blocky  chalk,  a  marl  band  and  a  few  flints  occurring 
quite  at  the  summit. 

A  typical  example  of  these  practically  disused  quarries  is  that  at 
Lenham  Hill ;  the  whole  section  was  accessible  in  1896,  and  was 
as  follows:— 

feet. 

^Soil  and  rubble     --  2 

Much  broken  and  nibbly  chalk    -       -       -       -       -        -      3-4 

Firm  white  chalk  in  massive  beds      -        -        -        -        .        OQ 

Layer  of  grey  marl  with  nodules  of  white  chalk      -       -  Oj 

Bather    soft   white  chalk  in   massive   beds,   containing 
Terebratulina  gracilis,  var.  lata      -----        50 


About  75 

The  base  of  the  Middle  Chalk  and  its  jimction  with  the  Belemnite 
marls  is  exposed  in  an  excavation  made  for  rifle  butts,  three^uartero 
of  a  mile  E.S.E.  of  Hollingboume,  the  section  below  the  soil  being 
as  follows  :— 


U 


Melboum 
Rock, 


Belemnite 


feet. 
Hard  smooth  white  bedded  chalk,  with  Inocer- 

amus  mytiloides  and  Rhynch,  Cuvieri-       -         4 
Rough    nodidar  white  chalk  in    two    beds 

separated  by  a  marly  seam  -       -       -       -         1  ^ 
Very  hard  cream-coloured  nodular  rock  in 

beds,  separated  by  marl  seams     -       -        -         3 
V  Rough  white  nodular  rock     -       -       .       -         2 
Smooth,   somewhat  marly,  but  firm  white 

chalk IJ 


Marls,      \  Grey  marl  weathering  into  thin  laminse  -  1 

I  Smooth  grey  marly  chalk      -       -       -        -  2  J 

Greyish-wliite  chalk  with  Pecten  Beaveri,  seen  for      -        -         G 


2U 

The  Melbourn  Rock  is  again  exposed  near  Cobham  Farm  (see 
p.  48),  and  in  the  lane  leading  to  Boarley. 

A  fine  section  tlu-ough  the  greater  part  of  the  Terebratulina 
zone  is  to  be  seen  in  the  large  quarry  at  HoUingbourne  Hill,  which 
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is  worked  in  two  levels ;  the  highest  part  of  the  upper  face  as  seen  in 

1896  was  as  follows  :— 

feet. 

Soil  and  rubble 1 

Blocky,  softish  white  chalk  with  a  few  flints     ...  6 

Layer  of  flints .--  0\ 

A  coiu^se  of  hard  lumps  showing  the  structure  of  sponges 

in  iron  stains 1 

Soft   white   chalk 4 

A  layer  of  grey  marl Oj 

White  soft  chalk  with  a  very  few  scattered  flint  nodules    -  6 

The  section  is  here  compUcated  by  a  fault  and  talus  slope,  but 
at  a  sUghtly  lower  level  the  continuing  face  showed  45  feet  of  soft 
white  chalk  with  a  few  flints  in  its  upper  pai*t.  In  the  lower  work- 
ings of  this  quarry  about  65  feet  of  massively-bedded  whit«  chalk 
without  flints  is  seen  containing  Terebratvlina  gracUia  var.  lata  and 
Iiwceramvs  Cuvieri;  a  well-marked  layer  of  marl  occurs  17  feet 
above  the  floor  of  the  pit.    The  total  depth  must  be  over  140  feet. 

The  Deptling  quarr}-  has  a  vertical  face  of  about  100  feet.  The 
upper  part  of  this  was  inaccessible  at  the  time  of  our  visit  (1896), 
but  a  few  flints  could  be  seen  for  30  feet  below  the  sunmiit  of  the 
quarry.  The  remaining  70  feet  was  in  massively-bedded,  soft 
white  chalk  with  SpondyluQ  spinosns,  while  Galerites  s'ubrotundvs 
and  RkynchoTidla  Cuvieri  were  obtained  from  the  quarrj-men. 

A  quarry  near  Harp  Farm,  three-quarters  of  a  mile  north  of 
Boxley,  and  another  by  the  lower  Bell  Inn  expose  the  upper  part 
of  the  same  zone  with  its  usual  characters. 

The  Melbourn  Bock,  with  from  20  to  30  feet  of  the  overlying 
clialk,  Ls  exposed  in  most  of  the  quarries  in  the  valley  of  the  Med- 
way.  The  section  in  the  lower  quarry  of  the  Burham  Brick  Com- 
pany has  already  been  given  (see  p.  49) ;  the  base  of  the  Terebra- 
tulijui  zone  is  probably  just  below  the  floor  of  the  upper  quarr}% 
which  continues  the  section  through  that  zone  and  through  the 
chalk  with  Holaster  planus.    The  section  will  be  given  in  Vol.  III. 

The  section  seen  in  Messrs.  Peter's  quarry  at  Wouldham  has  been 
given  on  a  previous  page  (p.  49),  and  we  need  only  remark  that  the 
Mellx)urn  Rock,  here  about  12J  feet  thick,  is  very  well  shown, 
covered  only  by  8  or  10  feet  of  firm  whitish  chalk. 

The  topmost  beds  of  the  Middle  Chalk  containing  some  scat- 
tered flints  and  three  or  four  horizons  along  which  flintr'  occur  in 
line  at  intervals,  can  be  seen  in  the  large  quaiTV  known  as  Bores 
Hole,  south-west  of  Chatham,  but  the  height  which  can  ]ye 
actually  examined  depends  upon  the  quarrying  operations,  for 
the  face  exposed  is  sometimes  vertical  and  inaccessible. 

Passing  westward  to  Wrotham  two  large  quarries  will  be  found 
on  the  slope  of  the  hill  N.N.E.  of  the  village,  and  these  form  an 
almost  continuous  section,  the  lower  one  being  entirely  in  the  soft, 
mrwsively-bedded,  white  chalk  of  the  Terebratvlina  zone,  while  the 
other  continues  the  section  upward  into  the  Upper  Chalk, 
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The  Melbourn  Rock  can  be  seen  in  the  railway  cutting  north  of 
Otford  Station,  but  is  much  broken  up,  and  the  section  is  now 
somewhat  obscure.  It  was  clearer  when  seen  prior  to  1871  by  Mr. 
Whitaker,  who  gave  some  account  of  it  in  1872,  with  a  sketch 
which  is  here  reproduced.* 


Bridge. 


Fig.  69. — Cutting  on  the  Sevenoaks  Branch  of  the  London  Chatham  and 

Dover  Railway  half  a  mile  S.E.  of  Shoreham. 

Middle  fl.  Bedded  chalk  and  upper  part  of  the  Melbourn  Rock. 
Clialk.  \'l.  Lower  part  of  the  Melbourn  Rock,  5  feet  thick. 

Lower   ("3.  Belemnite  marls,  "  grey  chalk  ratlier  clayey,  6  feet," 
Chalk,   \        passing  down  into  lighter  grey  chalk  (No.  4). 

A  small  (juarry  just  west  of  Chevening  Pai'k,  and  another  300 
yards  north-west  of  Court  Lodge  Farm,  near  Westeiliam,  also  expose 
the  Melbom-n  Bock. 

The  quarry  at  Westerham  Hill  is  in  the  Terehratnlina  zone  and 
must  be  near  the  top  of  the  7X)ne,  for  three  well-marked  layers  of 
flint  are  seen  here,  two  near  the  bottom,  and  one  liigh  in  the.  face, 
which  exposes  about  35  feet  of  soft  white  chalk. 

•Memoirs  of  the  Geological  Survey,  VoL  iv.  p.  25. 
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CHAPTER     XXVm. 


THE    MIDDLE    CHALK    IN    SURREY^ 
General  Description. 

The  Middle  Chalk  of  Suirey  is  similar  to  that  of  West  Kent.  It 
has  a  well-marked  band  of  Melbonrn  Rock  at  the  base  with  a  thick- 
ness of  12  to  14  feet.  This  is  succeeded  by  the  firm  and  rather 
rough  chalk  which  forms  the  rest  of  the  Rhynchondla  Cuvieri  zone, 
and  this  by  the  softer  and  whiter  chalk  of  the  Terebratulina  zone. 
Above  this  the  chalk  becomes  irregular  and  lumpy,  a  character 
which,  as  in  Kent,  is  associated  with  a  great  increase  in  the  niunber 
of  flints,  and  with  the  occurrence  of  the  fossil  Holaster  planus. 

The  total  thickness  of  the  Middle  Chalk  along  the  outcrop  in 
Surrey  is  probably  over  200  feet,  but  there  is  no  continuous  section 
through  it,  and  the  high  dips  make  it  difficult  to  estimate  its 
thickness. 

The  deep  borings  in  the  London  basin  do  not  afford  very  satis- 
factory accounts  of  the  Middle  Chalk,  for  the  particulars  given 
are  chiefly  from  the  notes  of  foremen  well-sinkers,  and  few  speci-^ 
mens  have  been  examined  by  geologists.  At  Streatham  the  thick- 
ness of  the  Middle  Chalk  is  given  by  Mr.  Whitaker*  as  219  feet,  but 
from  Mr.  Hill's  notes  of  the  specimens  printed  in  the  same  memoir 
I  gather  that  the  Mel  bourn  Rock  is  probably  represented  by  the 
10 J  feet  between  the  deptlis  of  682  and  692J  feet,  while  the  base 
of  the  Hoi.  planus  zone  may  be  a  few  feet  below  the  depth  of  463 
feet ;  hence  the  thickness  of  Middle  Chalk  indicated  by  the  Streat- 
ham boring  is  probably  from  222  to  225  feet. 

At  Richmond  the  division  appears  to  be  much  thinner,  the  lower 
zones,  including  the  Melbourn  Rock,  being  only  about  150  feet 
thick,  surmounted  by  a  hard  nodular  rock  of  the  western  Chalk 
Rock  type. 

In  the  boring  at  Winkfield,  near  Windsor,  the  thickness  of  this 
part  of  the  chalk  appears  to  be  109  feet,  including  14  feet  of  Mel- 
bourn Rock. 

STRATIGRAPHICAIi  DETAILS. 

The  following  account  of  exposures  in  Surrey  is  based  on  notes 
taken  by  Mr.  W.  Hill  during  a  traverse  made  m  1897,  to  which 
are  added  quotations  from  those  of  previous  observers. 

Zone  of  Bhynchonella  Cuvieri. 

Melbourn  Rock  is  exposed  in  the  cutting  at  the  north  entrance 
of  the  tunnel  between  Warlingham  and  Oxted  ;  a  view  of  this  is  given 

VoL  k  p.  225  (1S89X 
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on  p.  54.  Here  the  first  5  feet  above  the  Belemnite  Marls  is  hard 
nodular  chalk,  weathering  along  marly  veins  into  a  loose  rough 
rubble,  and  above  this  are  layers  of  hard  nodular  rock  of  yellowish- 
grey  colour,  separated  by  coiu'ses  of  smoother  but  hard  chalk. 
The  succeeding  beds  to  the  north  are  firm  and  somewhat  rough 
but  pass  up  into  smoother  white  chalk.  Inoceratn/us  mytUoides 
and  Rhynchondla,  Cuvieri  are  common  fossils.  ^ ., 

The  large  quarry  at  the  Oxted  Lime  Works  also  exposes  the 
Melboum  Rock  and  some  30  feet  of  the  RhyndiOTiella  Cuvieri  zone. 

After  passing  through  a  long  tunnel,  the  railway  from  Oxted 
to  Croydon  is  carried  through  a  series  of  cuttings,  and  the  first 
seven  of  these  are  cut  through  the  zones  of  Rhynchonella  Cuvieri 
and  Terebratvlina  The  sections  along  this  line  of  rail  were 
described  by  Mr.  Caleb  Evans  soon  after  they  were  made,  and 
the  following  are  extracts  from  his  account.* 

The  deepest  part  of  the  first  cutting  is  at  the  northern  end  of  the 
tunnel,  where  he  states  it  to  be  34  feet.  From  the  section  at  the 
end  of  the  paper,  the  beds  there  exposed  seem  to  have  been  as 
follow  :— 

ft.    in. 

Rubbly  chalk 150 

Biind  of  yellowish  marl. 

Chalk  with  marly  parting  at  base        -        -        -        -  2     0 

Chalk  with  Inoceramus  mytiloidea       -        -        -        .  4     0 

Chalk       -        - 6     0 

Marly  parting  with  brown  earth,  Inoceramus, 

Chalk       -        -        -        -. 1  10 

Parting  of  brown  marl  with  Inoceramus  (shell). 

Chalk  with  marly  parting  in  the  middle     -       -       -  5     5 

34     3 

He  describes  the  4-foot  bed  as  crowded  with  fragments  of  Incce- 
ramus  shells,  together  with  some  tliat  are  entire.  "  On  the  banks 
the  casts  of  large  Ammonites  are  occasionally  met  with  .  .  . 
these  approach  nearest  to  Am,  peramplus  of  Mantell."  Fi'om  this 
cutting,  which  he  numbered  XIIL,  he  obtained  some  other  fossils 
but  none  from  the  next  (No.  XII.). 

The  succeeding  cuttings  (Nos.  XI.,  X.,  IX.,  VIII.,  and  VII.) 
traverse  white  chalk  with  a  few  flints  and  occasional  layers  (rf 
marl ;  these  were  called  the  Whiteleaf  Beds  by  Mr.  Evans,  and 
coi'respond  with  our  Terd)ratvlina  zone.  In  cutting  No.  IX.  he 
mentions  "  a  bed  of  a  nodular  and  concretionary  chai-acter  -wiih 
ochreous  marking,  apparently  the  remains  of  sponges.  GalerUes 
suhrotundus  and  Inoceramus  Brongniarti  are  the  prevalent  fos^ib." 

Returning  to  the  escarpment,  the  Melboiu*n  Rock  and  some 
20  feet  or  30  feet  of  the  chalk  above  it  is  exposed  in  the  quarry 
near  Caterliam  Station,  and  again  in  that  by  M^stham  Station. 
At  Farrington's  Lime  Works,  near  Reigate,  the  Melbo\im  Rock  is 
seen  nearly  two-thirds  up  the  face  of  the  quarry,  with  about  40 

•  Geo!.  Assoc,  Separate  Paper  (1870). 
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feet  of  the  over-lying  chalk ;  this,  however,  was  not  accessilJe  at 
the  time  of  onr  visit.  At  the  Buckland  Lime  Works,  it  is  just 
seen  at  the  top  of  the  quariy. 

The  lai-ge  quarry  of  the  Dorking  Grey  Stone  Company  at  Betch- 
worth  has  abeady  been  alluded  to  (p.  55)  :  it  shows  a  clear  section 
through  the  zone  of  Rhynchonella  Cvvieri  and  the  upper  part  of 
the  Lower  Chalk,  the  following  measurements  being  taken  in 
1897 :- 


4> 

d 
o 


/Soil  and  rubble 

White  chalk,  firm,  in  massive  courses  (Gahr- 
ites     9ubrotundu8%    the    upper    part    not 
accessible,  but  thickness  estimated  at  - 
Rather   rough    bardish    chalk,    veined   with 

greenish  grey  -  -  -  -  - 
Seam  of  soft  green  grey  marl  containing  hard 
whitish  nodules  -----. 
Hard  rough  chalk  hardly  nodular,  veined  and 
streaked  with  greenish  grey,  Inoceramus 
mytiloides^  Rhynchonella  Cuvieri,  Terebra- 

ttUa  semiglobosa 

^Hard  rough  nodular  chalk  creamy  white, 
in  massive  well  defined  courses 
Very  hard  creamy  white   nodular  rock 
weathering  into  thin  irregular  courses 
marked  by  seams  of  greenish  grey  marl 
A  massive  course  of  smooth  very  hard  white 
rock  marked  with  greenish  grey  veins  - 
'  Buffish  grey  marly  chalk,  in  platy  layers    - 
Pale  buff  grey  marly  chalk,  almost  massive    - 
in    bedding,  passing   rapidly  at  its  l)ase  to 

white  fhalk 

wWhite  firm  chalk      -        -        -        -   seen  for 


ft. 

4 


m. 
0 


35     0 


6     0 


0     6 


I 


.( 


11     0 


8     0 


2     9 


3 

0 

1 

0 

9 

0 

50 

0 

130     3 


The  Mellx)urn  Rock  is  also  seen  at  the  top  of  the  quarry  at  the 
old  Dorking  Lime  Works,  in  the  Milton  Court  chalk-pit  about 
a  mile  farther  wejt,  and  in  several  small  ciuarries  between  this 
and  Gomsliall. 

Alx)ut  a  mile  west  of  Shere,  along  the  main  i-oad  towards  Guild- 
ford, it  is  seen  again  in  a  small  roadside  quarry,  and  it  is  also  shown 
in  two  quarries  alx)iit  300  yanls  south  of  the  road  half  a  mile  and 
one  mile  respectively  niiarer  Guildford. 

West  of  Guildford  the  llock  is  seen  in  a  small  quarry  200  yards 
north  of  Down  Fai-m,  and  again  in  one  or  two  disused  pits 
north  of  Seale. 

In  the  upper  pit  at  the  Victor}'  quarries,  three  miles  east  of  Fam- 
ham,  the  top  of  the  Melbourn  Bock  and  some  of  Ithynchonclla 
Curieri  zone  is  well  shown.  This  quarry  exposes  nearly  all  the 
Middle  Chalk,  but  the  high  dip  and  the  in-^ulai-  way  in  which  it  is 
worked  makes  it  diflScxdt  to  obtain  sat isf actor;*  measurements. 
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The    Terebratulina    Zone. 

The  chalk  of  this  zone  shows  no  variation  from  that  in  Kent. 

The  lai'ge  quairy  near  the  Bose  and  Ci-own  Tnn,  four  miles  south 
of  Croydon,  exposes  more  than  70  feet  of  chalk  in  the  upper  pait 
of  the  zone  overlain  by  nodular  chalk  with  flints  (zone  of  H. 
plajius).  This  rjuarry  is  mentioned  by  Mr.  Whitaker*  in  his 
Geology  of  the  London  Basin. 

A  mile  further  south,  close  to  the  Croydon  and  Oxted  railway 
line,  is  a  large  quarry  at  Whiteleaf.  About  70  feet  to  80  feet  ot 
massively-bedded  chalk  is  seen  here.  The  lower  part  is  finn 
white  cnalk,  and  is  perhaps  the  highest  part  of  the  zone  oi 
Rhynchondla  Cuvieri,  for  that  fossil  occurs  with  GaleHtea  sub- 
rotundus ;  the  upper  part  is  softer,  but  is  without  flints ;  m  this 
Spondylus  apinosa  is  a  common  fossil.  This  chalk  is  included 
in  the  Whiteleaf  beds  of  Mr.  Caleb  Evans.t 

The  middle  part  of  the  zone  is  exposed  in  a  quarry  about  1 J  mile 
E.N.E.  of  Gomshall,  and  much  of  the  chalk  of  this  zone  is 
exposed  at  intervals  in  a  lane  cutting  leading  up  White  Down 
from  White  Down  Brickyard. 

The  TerebrcUvliim  chalk  is  again  exposed  in  the  upper  paii 
of  the  large  quarry  at  Betch worth,  and  in  1897  Mr.  W.  P.  D. 
Stubbing  described  two  boulders  of  granitoid  rock  which  are  stated 
to  have  come  from  the  Terdn-attdivu  zone  in  this  quarry.J  Both 
were  much  broken  before  they  came  into  his  hands,  and  were  found 
after  a  blast.  The  larger  fragment  weighed  7  lb.  7  oz.,  and  con- 
sists of  a  fine-grained  granite,  which  is  very  much  decomposed; 
it  bears  the  remains  of  several  lower  valves  of  Spoiidylus  latus  and 
some  Serpvlce.  The  other  fragment  appeared  to  be  half  of  an  ovoid 
m  uss,  and  weighed  3  lb.  12  oz.  It  is  less  decomposed  and  is  a  gi*anite 
of  cx)ar8er  grain,  and  contains  much  white  mica. 

The  upper  part  of  this  zone  is  also  seen  in  the  "  Echo  pit,"  about 

a  mile  S.E.    of  Guildford  :    and  again   in  the  Shalford  quarries 

south  of  Guildford,  where  the  section  seen  in  1897  was  as  follows  :— 

ft.  in. 

Soil,   etc. 10 

Broken  chalk,  rubbly 20 

A  layer  of  flints 0     6 

Rather  rough  lumpy  chalk  passing  down  into  smooth 

white  chalk,  including  a  course  of  hard  iron  stained 

himpy  chalk.     A  few  flints  occur      .        -        -        -  20     C 
Sin(X)tli  white,  but  firm  chalk  in  courses  2  or  3  feet 

thick  marked  by  thin  marl  seams      .        -        -        -  10     0 
A  course  of  liard  rough  lumpy  chalk  showing  structure 

of  sponges  and  ventriculites  in  iron  stains               -  13 
Finn,  almost  hard,  rather  lumpy  chalk  with  a  few 

finger   like   flints ^16 

Firm    white    chalk 90 

Marl  band 04 

Massively  bedded  white  softish  chalk  seen  for     -        -  20     0 

*  Geology  of  the  London  Basin,  W.  Whitaker,  1872,  Vol.  i.,  p.  22  (from 
Mr.  Drew's  notes). 

t  On  some  Sections  of  Chalk  between  Croydon  and  Oxted,  Geologists* 
Assoc..    1870.  p.   17. 

t  See  Quart.  Journ.  Geol.  Soc.  Vol.  liii.  p.  213  (1897). 

4219.  ^  '^ 
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The  quarry  at  Monkshatch,  4  miles  west  of  Guildford,  also  shows 
the  upper  part  of  this  zone,  and  still  farther  west  the  whole  of  it 
must  be  exposed  in  the  Victory  quarry  3  miles  east  of  Famham. 

Fossils  from  the  Middle  Chalk  of  Surrey. 

(Chiefly  from  Mr.  Evans's  Lists.) 


Ammonites  f  Pachydiscu^]  peramplus,  Mant.    - 

Turbo  ?      -       - 

Inoceramus  Brongniarti,  Sow.  (1  Cuvieri)- 

„         mytiloides,  Sow.     -       .       -        . 
„         striatus.  Sow.  -        -        -       - 
Ostrea  vesicuiaris,  Lam.    -  -        - 

„     semiplana,  Mant.    - 

Spondylus  spinoeus  Sow. 

„        latus,  ^01^. 

Terebratuia  senugiobofla,  Sow.  -       -        .        - 

Rhynchonella  Cuvieri,  d'Orb.    -       -       -        - 

;,  Mantelliana  ?  Sow. 

„  plicatilis,  Sow.     -       -       -       - 

Tercbratulina  gracilis,  Schloih.  var.  lata,  EUi...  - 

„  striata,   y^ahX.     -        -        -        - 

Cyphosoma  sp. 

Discoidea  subuculus,  Klein  (?  Dixoni)    - 
G^alerites  castanea,  Brongn.       -        -        .        - 

„  subrotundus,  Mant. 

Enoploclytia  Leachi,  Mant.     -       .       -        - 
Cameroepongia  campanulata,  iS^7H2^A  .        .        . 

Plocoscyphia    sp. 

Ventriculites  cavatus  ?  Smith    -        -        -        - 
„  radiatus,  Smith    -        -        -        - 


Zone  of 

Rhynch. 

CuvierL 


X 
X 

X 
X 

X 
X 
X 
X 


Zone  of 

Ter. 
gradlis. 


X 
X 
X 


X 

X 


X 
X 

X 
X 
X 
X 
X 
X 
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CHAPTER  XXIX. 


THE  MIDDLE  CHAI.K  IN  HAMPSHIRE. 

General  Description. 

The  Middle  Chalk  of  Hampshire  bridges  the  broad  uplift  of  the 
Weald,  and  unites  the  outcrop  which  we  have  traced  along  the  North 
Downs  to  that  which  occupies  a  similar  position  in  the  escai*pment 
of  the  South  Downs. 

As  the  miiss  of  the  Middle  Chalk  jjasses  from  Siurey  into  Hants 
the  beds  lose  their  northerly  dip  and  receive  a  gentle  tilt  or  inclina- 
tion towards  the  west,  in  consequence  of  which  the  basset  surface 
widens  out,  so  that  west  of  Alton  and  Selborne  it  occupies  a  con- 
siderable area  of  land.  Further  south  it  is  somewhat  narrowed 
but  expands  again  in  the  valley  of  West  Meon. 

Besides  this  continuous  tract  of  outcrop  there  are  three  other 
arejis  in  the  county  where  Middle  Chalk  comes  to  the  surface,  these 
are— (1)  near  Winchester  (2)  the  Vale  of  Kingsclere,  and  (3)  several 
irregular  inUers  between  the  last  and  the  Vale  of  Pewsey.  The 
Winchester  inlier  is  due  to  a  cross  roll  causing  an  upwai'd  bulge 
or  dome  on  the  prolongation  of  the  anticline  which  runs  through 
Pulborough  and  West  Meon.  The  northern  inliers  mark  out  tie 
course  of  the  northern  branch  of  the  Wealden  uplift,  and  their 
isolation  is  doubtless  due  to  a  series  of  cross  rolls  or  transverse  un- 
dulations from  north  to  south,  producing  troughs  or  basins  in 
which  a  greater  or  less  thickness  of  Upper  Chalk  is  brought  in. 
If  it  were  not  for  these  local  depressions  or  synclincs  the  outcrops 
of  the  Upper  Greensand  and  Lower  Chalk  would  have  been  con 
tinuous  from  the  Vale  of  Pewsey  to  the  north-westeni  border  of 
the  Wealden  area. 

The  Melbourn  Rock  occurs  tlu-oughout  the  county,  and  has 
the  same  characters  as  in  Suri*ey,  so  that  there  is  no  difficulty  m 
following  its  outcrop.  The  zonee  of  Rhynchonella  Cuvieri  and  of 
TerehratuLina  succeed  in  usual  course,  but  along  the  eastern 
outcrop  great  difficulty  was  experienced  in  trying  to  trace  the 
zone  of  Holaster  plarms  which  does  not  seem  to  be  represented  by 
anything  like  the  Chalk  Rock. 

Near  Winchester,  however,  nodular  chalk  with  Hclagter  jjlamis 
is  fairly  well  exposed  at  several  points,  and  was  first  oberved  by 
Professor  Barrois.  * 


*  Recherchcs  sur  Ic  terr.  Cr^.  Sup.,  1876,  p.  41. 
4219.  c  c  2 
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In  the  north-western  part  of  the  county  beds  of  tlie  true  Clialk 
Rock  t^^-pe  are  found,  and  made  it  easy  to  draw  a  line  for  the 
of  Upper  Chalk  niund  the  Vale  of  Kingselere  and  the  other 
above  mentioned. 

The  thieknew  of  cliaik  between  the  MelUjum  Boek  and  the 
Clialk  Rock  near  Winchester,  appears  to  be  nearly  2'M>  feet,  and 
in  aU  fmriljaUlity  that  is  about  it^  thicknew  alon^  the  main  out- 
crfip  in  the  eastern  part  of  the  county.  In  the  -Vale  of  Eingseiere 
it  does  not  seem  to  be  more  than  150  feet.  Near  Warminster,  in 
Wfltshire,  it  is  Ijarely  100  feet  thick.  Tliu:*  the  Middle  Chalk 
appears  to  diminitsh  somewhat  rapidly  wei^tward. 

STKATHiBAPHICAL     DETAILS. 

A.  Sbctioxs  along  the  Main  Octcrop. 
Zone  of  Shynchoiiella  Cayieri. 

Mr.  Hill  found  Kkyndu^ndla  Cuvieri  and  Ifwceramus  mj/tilaides 
in  a  small  quarr}'  two-thirds  of  a  mile  N.N.W.  of  Bury  Court,  near 
Dentley.  There  is  also  a  quany  in  hard  massive  chalk  north  of 
I»wer  Frovle,  which  mav  be  in  this  zone. 

The  Melboum  Kock  and  some  of  the  overlying  clialk,  with  Ino- 
ceramus  mytUoide^  and  other  fossils,  are  well  exposed  in  the  raflway- 
cutting  south-east  of  Alton,  and  also  in  the  quarr>'  less  than  half 
a  mile  to  the  east  just  above  the  contour  line  of  400  feet.  These 
exposures  are  in  an  outlier,  and  there  is  another  smaller  one  on 
the  hill  east  of  Chawton  House. 

The  main  outcrop  passes  west  of  Alton,  Chawton,  and  Farring- 
don,  and  then  spreads  out  over  the  high  ground  Ijetween  Tis- 
ted  and  Xewton  A'alence  and  thence  eastwaixl  to  Selborne  Hill.  It 
run*s  out  again  on  to  Noar  Hill  to  the  south  of  Selborne,  where 
there  are  several  large  old  quan-ies  from  which  much  chalk  must 
have  Ijeen  taken  in  former  yeai-s  probably  for  burning  to  lime. 

South-west  of  Hawkley  the  outcrop  of  this  zone  becomes  ver>' 
narrow  and  is  confined  to  the  steep  escarpment  wliich  terminated 
in  the  bold  promontory  of  W^heathiim  Hill.  Here  the  boundaiy 
lines  drawn  by  Mr.  Hawkins  for  the  base  and  summit  of  the  Middle 
Chalk  are  about  180  feet  apart. 

West  of  Ramsdean  the  Ijeds  come  within  the  influence  of  the 
Petersfield  anticline  :  the  outcro])  of  the  Melboum  Rock  passes 
to  the  north  of  Ku<t  Meon,  and  thence  south-we»<twaixl  for  some 
distance,  returning  along  the  southem  border  of  the  Meon  valley 
to  the  hills  alx)ve  RiiritiOn. 

The  Terebratulina  Zone. 

Mr.  Hill  identified  the  zone  of  TtrdmituUmi  in  a  (juarry  by 
Glade  Farm,  aU>ut  a  mile  anfl  a  quarter  north  of  Bentley. 

Professor  Barrois  (^Recherchf^s,  p.  4o)  writes  that  the  junction 
of  Cenomanian  and  Turonian  is  seen  to  the  north  of  Lower  Froyle, 
and  that  the  nodular  chalk  is  overlain  by  a  soft  white  chalk  from 
which  he  obtained  Galerites  svhrotun/ivs,    TTien^  ai-e  two  quarriest 
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in  the  position  indicated,  the  first  showing  hard  white  massive 
chalk,  which  is  doubtless  Lower  Glial  k  and  just  below  the  horizon 
of  the  Eeleninite  marl,  wliich  marl,  with  some  of  the  Melboum 
Rock,  may  well  have  been  visible  on  the  eastern  side  of  the 
pit.  The  other  quarry  at  a  higher  level  is  in  the  Terebratulinu 
zone. 

The  chalk  of  this  zone  runs  along  the  slope  of  the  hills  north- 
west of  Alton,  and  may  l)e  seen  in  two  small  quarries,  one  by  the 
roadside  half  a  mile  north  of  Alton  Church,  and  in  another  about 
the  same  distimce  north-west  of  the  church,  both  in  soft  white  chalk 
without  flints. 

South  of  Alton  it  runs  to  the  west  of  Chawton  and  Farringdon, 
and  through  East  Tilstead,  and  is  exposed  between  the  two  latter 
places  in  a  pit  south  of  Marylane  copse. 

South-west  of  Selbome  the  Terehratulina  zone  occupies  a  consider- 
able area,  but  near  Hawkley  it  is  contracted  to  a  narrow  outcrop  on 
the  slope  of  a  steep  escarpment.  West  of  Langrish  aad  Ramsdean 
it  comes  within  the  influence  of  the  Petersfield  anticline,  and  rxmning 
up  the  Bordean  Valley  is  exposed  in  a  quarry  south-west  of  Lower 
Bordean.  The  upper  boundary  passes  by  Drayton  north-west  of 
East  Meon,  and  thence  for  a  considerable  distance  down  the  valley 
which  opens  westward  from  C!ombe  near  East  Meon ;  thence  it 
returns  along  the  slopes  of  the  hills  which  run  into  the  range  of 
the  South  Downs. 

B.  Sections  in  the  Winchester  Inlier. 

The  inlying  tract  of  Turonian  near  Winchester  is  not  of  large 
extent.  It  surrounds  the  small  area 'of  Lower  Chalk  mentioned 
on  page  62,  and  extends  also  for  a  short  distance  on  the  western 
side  of  the  valley  of  the  Itchen.  JDips  of  5  or  6  deg.  carry  it 
rapidly  beneath  the  Upper  Chalk  to  the  north  and  south  of  the 
anticlinal  axis.  The  existence  of  this  pericline  appears  to  have 
been  fuTst  indicated  by  Professor  Barrois.  ♦ 

Zone  of  Shynchonella  Cuvieri. 

This  zone  is  well  exposed  in  the  large  quarry  at  Chilcombe 
(see  p.  62).  Mr.  Ch.  Griffith,  of  Winchester,  informs  us  that 
the  Melbourn  Rock,  "  nodular  and  very  hard,  piisses  up  into  hard 
chalk  with  nodular  layers  and  some  marly  Imnds ;  many  of  the 
beds  are  thick  and  massive,  and  break  out  in  large  blocks  with 
curved  surfaces,  of  a  yellowLsh-grey  colour  when  moist.'' 

There  is  another  pit  in  the  same  chalk  on  the  Portsmouth  Soad 
south  of  Bar  End.  It  is  also  exposed  in  the  Goods  Yard  of  the 
Gi-eat  Western  Railway.  From  these  exposures  the  membera  of 
the  Winchester  College  Natui*al  History  College  have  obtained 
the  fossils  indicated  in  the  list  on  p.  394. 

*  Recherches  sur  le  Terrain  Cretac^  Superieiir,  Mem.  See.  Geol.  Nord, 
l-STG    p.  40. 
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Terebratulina  Zone- 

4 

The  beet  section  in  this  zone  near  Winchester  is  a  large  quarry 
on  the  southern  slope  of  St.  Giles'  Hill  east  of  the  town.  The 
following  is  a  translation  of  the  description  of  it  given  by  Pix)- 
fessor  Barrois  in  187G,  reversed  so  as  to  read  from  above  down- 
wards :— 

feet. 
Very  nodular  chalk,  with  Rhynchanella  Cuvieri^  Terebratula 
and  SpoTidylus  spinosus     ----  --10 

Argillaceous  marl 0^^ 

Compact  white  chalk,  with  marl  seams,  nodular  layers,  and 

^  a  few  flints  in  irregular  layers  ;  Terebratulina  g^'ocUis^ 

var.   latay    Ter,    semtglobosay    Inoceramus    Brongniarti, 

Spondylus  spinosusj  and  Sp.  latus 20 

Layer  of  hard  yellow  nodules Oj 

Compact  white  chalk  with  marl  seams,  Ter.  gracHts,  var.  lata     10 
Layer  of  flints. 

Compact  white  chalk 5 

Layer  of  flints. 

Firm  compact  white  chalk,  in  beds  separated  by  seams  of 
shaly  grey  marl ;  contains  a  few  small  scattered  flints     -     20 

About     72 

For  the  following  remarks  we  are  indebted  to  Mr.  (jriffith,  who 
writes,  "  the  chalk  in  this  pit  is  mafwive  and  close  grained,  the  beds 
dipping  to  the  north  at  5  deg.  About  half  way  up  the  face  of  the 
pit  several  large  Anmionites  were  visible  in  1896  along  one  delinite 
line.  There  are  four  well  marked  layers  of  flint-nodules,  black 
inside  with  thin  rinds :  and  there  are  two  rust-coloui'ed  nodular 
layers  in  the  higher  part.  This  chalk  is  used  in  building  for  interior 
work,  and  is  also  burnt  for  lime." 

C.   Sections  in  the  Kingsclere  and  Hurstbourne   Inliers. 

The  Middle  Chalk  forms  a  cincture  round  the  inlier  of  Kings- 
clere and  Burghclere,  and  portions  of  it  are  brought  to  the  surface 
again  in  the  valleys  to  the  westward,  especially  in  the  tributary 
vallevs  of  the  Bourne  River  from  Combe  and  Verulam  Dean  to 
Hui*stbounie  Farrant  and  St.  Mary  Bounie.  (See  Fig.  70). 
The  following  notes  on  this  district  are  furnished  by  Mr.  F.  J. 
Bennett. 

The  Mel  bourn  Kock  is  traceable  all  round  the  Vale  of  Kingsclere  ; 
its  base  is  exposed  in  a  small  pit  less  than  three-quarters  of  a  mile 
south-west  of  Sydmonton  Church.  The  rock  is  more  fully  seen 
in  the  railway -cutting  about  a  mile  south  of  Burghclere,  and  its 
upper  beds  here  contain  fossils.  The  next  cutting  to  the  southward 
is  in  the  soft  white  chalk  of  the  higher  zone,  with  occasional  flint**, 
Ter.  gracilis,  var.  lata,  and  Terd)ratvla  semiglobosa  occurring  here. 

Pai-ts  of  both  zones  are  exposed  in  a  chalk  pit  by  the  side  of  the 
road  two-thirds  of  a  mile  north  of  Sydmonton  ;  near  the  lx)ttom 
is  massive  chalk  with  veinings  of  greenish  marl  probably  not  far 
above  the  Melbourn  Rock ;  this  is  overlain  by  20  feet  or  moi*e  of 
broken  chalk.     The  beds  are  dipping  steeply  to  the  north. 
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The  following  list  of  fossils  from  the  Middle  Chalk  of  Hampshire 
has  been  compiled  from  the  following  sources:— 

(1)  A  list, of  the  species  found  in  the  neighbourhood  of  Win- 

chester by  the  members  of  the  Winchester  College  Natural 
History  Society,  drawn  up  and  communicated  by  Mr.  Ch. 
Griffith  and  Mr.  R.  M.  Brydone.     (w  in  the  list.) 

(2)  List  of  the  fossils  obtained  by  Mr.  J.  Rhodes  from  the  ex- 

posures in  the  Vale  of  Kingsclere.  These  were  deter- 
mined by  Messrs.  Sharman  and  Newton,    (c  in  the  list.) 

(3)  The  list  given  by  Mr.  Westlake,  in  Dr.  Stevens'  History 

of  St.  Mary  Bourne,  of  fossils  foimd  by  him  at  Stoke  Hill. 
(s  in  the  list.) 


List   of 

Fossils  from  the  Middle 

Chalk 

OF   Hampshirk. 

Zone  of 

Zone  of 

Rhync. 

Tpr 

xct  • 

Cuvieri. 

gracilis. 

Pisces. 

Belonostomuscinctus,  Afir.  -       ... 

- 

8 

Beryx  (Ctenothrissa)  radians,  Ag. 

ow\             *                   »                   M                   »                   .                    M 

^            • 

w       s 

Corax  heterodon  Beuss  (=*C.  falcatus,  Ag.) 

- 

w 

8 

w      s 

„     pristodontus,  Ag, 

»            « 

w 

Laiuna  appendiculata,  Ag.  -        -        -        - 

- 

w 

„      obliqua  (I^L.  appendiculata,  Ap.) 

- 

w 

8 

Macropoma     Mantelli  Agr        -        -        - 

- 

w 

8 

Oxyrhina  Mantelli,  Ag.      -        -       -        - 

- 

w 

W 

Protosphyrsena   ferox,  Leidy 

- 

w 

w 

Ptychodus  decurrens,  ^(jr. - 

- 

w 

w 

„         mammillarLs,  Ag. 

- 

w 

polygyrus,  Ag.  -        -        -        - 

- 

w 

„         (a  fin  ray  of)  - 

- 

8 

Qyrodus  cretaceus,  Ag. 

- 

w 

Scapanorhynchns  raphiodon,  Ag. 

- 

w 

Cephalopoda. 

Ammonites  [Acanthoceras]  Cunningtoni,  Sharjye 

w 

>» 

[Haploceras]  lewesiensis,  Mant. 

- 

w 

II 

'Acanthoceras]  Mantelli  1  Sow. 

- 

w 

)f 

„             ]      navicularis,  j 

Mant.    - 

w 

II 

Trionocycliis]  Neptuni,  Geinitz 

- 

w 

1) 

Pachydiscua]  peramplus,  Mant. 

- 

w 

3 

II 

Acanthoceras]  sussexiensis,  Mant. 

w 

II 

]   large  sp. 

- 

W 

Baculites  bohemicus,  Fritsch 

- 

w 
w 

ocapniies  sp.       ------ 

▼t 

Nautilus  sublsevigatus,  d'Orh 

- 

w 

4 

Gasteropoda. 

4 

Natica    vulgaris    ?    Reuss 

- 

S 

Pleurotomaria  perspectiva,  Mani. 

- 

w 

Ijaviellihra  nchiaia. 

Inoceramus  Brongniarti,  Sow. 

- 

w 

w      s 

„          cf.  cuneiformis,  d'Orh.    - 

- 

s 

.,          Lamarck  i,  Park.      -       -        - 

m 

w 

w 

mytiloides,  Sow, 

- 

w 

w 

»« 

imdiilatus  ?  Mant. 

- 

w 

■ 
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Zone  of 

Ter. 
gracilis. 


Lima  subabrupta,  d'Orb. 

Ostrea    norma niana,   (TOrh.  -        .        . 

„      vesicularis,    Lam, 

Pecten  sp.  -..---. 

Plicatula  sigillina,  Woodw.  -  .  -  . 
Spondylus  dutempleaniis,   d'Orb.      -        -        - 

„         latus,    Sow. 

„  spinosus,  Sow,  -  -  •  . 
Teredo  amphisbsena,  Goldf,     -       -       -       - 

Brachiovoda, 

Rhynchonella  Cuvieri,  d'Oro,    -  -  -  - 

„  pUcatilis,  Sow,     -  .  -  - 

„  reedensis    Eth,     -  -  - 

Terebratula  semiglobosa,  Sow,   -  -  -  - 

Terebratulina  gracilis,  Schloth.  var.  lata,  Eth,  - 

„  striata,   Wahl,      -  -  -  - 

Crustacea, 
Enoploclytia    Leachi,    Bell        -       -       .       . 
Palasastacns  Dixoni,  Bell 

Annelida, 

Serpula  annidata,  ReuBs 

„       iluctuata,  Sow,     -       -        -        -       - 
„      plexus.  Sow,  (=-gordiali8)      -       -       - 

Echinodermata, 
Bourgueticrinus  sp.    -----       - 

Cardmster  pygmseus,  Forbes     -        -        -        . 

Cidaris   hirudo,    Sorig, 

„        serrifera,  Forbes 

„      Sorigneti  1    Gein, 
Cyphosoma  radiatum,  Sorig.    -        -        -        . 

»  sp-. 

Discoidea  minima,  Ag. 

„        Dixoni,  Forbes  -        .        _        . 

Galerites  subrotundus.  Mant. 

Holaster  planus,  Mant, 

Metopaster  Parkinson  i,  Forbes  .  .  . 
Micraster  Leskei  ]  Desm,  -  -  -  - 
Peltastes  Wiltshirei,   Wright       -        -        -        . 

Actinozoa^ 
Micrabacia  sp. 

Spongida, 

Camerospongia  subrotunda,  Mant.    -        -       . 

Porosphaera  globularis,  Phil,     -        -        -        . 

Siphonia  Koenigi,  Mant. 

Ventriculites  alcyonoides,   Mant. 

„  infundibuliformis,  Woodw.    - 

„  radiatus,  Mant.     -        -        -        . 

»,  sp. 
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CHAITER    XXX. 

THE  MIDDLE  CHALK   IN   SUSSEX. 

General  DBBcaupnoN. 

The  Chalk  of  Sussex  was  described  in  a  general  manner .  by 
Mantel],  Dixon,  and  others,  and  many  of  the  fossils  which  they 
so  diligently  collected  must  have  come  from  the  tine  sections  of 
Middle  C/halk  which  exist  in  this  county.  But  imfortimately 
they  Uved  before  the  time  when  definite  divisions  or  stages  had 
been  established  in  the  Chalk  of  England,  so  that,  except  in  a  few 
cases  where  particular  quarries  are  mentioned,  there  is  no  knowing 
which  of  their  fossils  were  obtained  from  the  Middle  Chalk. 

Should  any  question  arise,  however,  with  respect  to  the  exact 
horizon  of  certain  of  Mantell's  types  it  might  be  possible  to  deter- 
mine this  by  a  microscopical  examination  of  the  matrix.  Meantime, 
many  of  the  old  quarries  are  still  open,  and  there  are  still  collectors 
of  Chalk  fossils  in  Sussex ;  on  them  we  would  earnestly  impress 
the  necessity  of  recording  the  exact  locality  and  horizon  of  every 
fossil  they  get,  for  without  such  a  record  such  specimens  are  of 
little  scientific  value.  Professor  Ch.  Barrois*  was  the  first  to  give 
any  adequate  accoimt  of  the  Middle  Chalk  of  Sussex,  for  he  not 
only  defined  and  described  the  several  zones  in  the  clifiF  section  at 
and  near  Beachy  Head,  but  he  also  visited  the  principal  quarries 
near  liewes  and  those  at  Houghton  in  the  Arun  valley.  From 
the  fossils  he  collected  at  these  places  he  came  to  the  conclusion 
that  most  of  the  large  series  of  Fish-remains  from  the  Chalk  studied 
by  Mantell  and  Agassiz  were  obtained  from  the  zones  of  the 
Middle  or  Turonian  Chalk. 

About  the  same  time  the  late  lie  v.  H.  E.  Maddock,  formerlv  of 
Eastlxjume,  collected  diligently  from  the  successive  zones  of  the 
coai»t  section,  and  he  kindly  placed  his  lists  at  our  disposal. 

In  1884  Mr.  C.  Reid  revised  the  Chalk  and  Tertiarv  areas  of 
Sussex  for  the  Geological  Survey,  tracing  the  boundary  line  of  the 
Mellx>urn  Rock  and  of  the  nodular  chalk  of  the  Holaster  jiianus 
zone  along  the  whole  length  of  the  South  Downs.  Some  of  the  in- 
formation then  obtained  by  him  has  been  published  in  the  Ex- 
planations of  the  Eastbourne  and  Chichester  sheets  of  the 
Greological  Survey ,t  and  a  few  of  his  notes  on  other  inland  exixisures 
have    l^een  incorporated  in  the  following  account.        # 


*    Recherches  sur  le  Terrain  Cr^tace,  pp.  16,  28,  33,  etc.  (1876). 
t  The  (leology  of  Eastbourne.  Mem.  Oeol.  Survey  (1«98),  and  Geology 
of  the  country  around  Chichester  (1902). 
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In  1895  Mr.  Rhodes,  the  fossil  coUeotor  of  the  Survey,  was  sent 
to  collect  from  the  hne  series  of  sections  near  Lewes,  zone  by  zone, 
so  that  we  might  possess  more  complete  data  with  respect  to  the 
distribution  of  fossils  at  that  locaUty. 

Lastly,  in  1896  and  1897  Mr.  W.  Hill  carefully  examined  and 
measured  the  coast  section  near  Beachy  Head,  and  also  visited 
some  of  the  inland  sections,  for  the  purpose  of  forming  an  opinion 
on  certain  questions  that  had  arisen. 

The  following  account  is  drawn  up  principally  from  Mr.  Hill's 
otaervations  and  measurements,  supplemented  by  the  information 
obtained  by  the  observers  above  mentioned. 

As  Sussex  possesses  a  good  cliff  section  we  have  thought  it  desir- 
able to  commence  with  a  description  of  this,  and  afterwards  to 
give  some  account  of  the  more  important  inland  sections,  as  they 
are  met  with  in  going  westward. 

1.  The  Coast  Section. 

The  cliffs  between  Eastbourne  and  Beachy  Head  exhibit  a  com- 
plete section  through  the  Middle  Chalk,  and  every  part  of  it  can 
be  examined  either  in  or  below  the  large  quames  at  Holywell,  or 
in  the  cliffs  west  of  Beachy  Head  Coastguard  Station,  where  the 
clip  carries  each  bed  successively  below^  the  level  of  the  Ijeach. 
The  following  accoimt  is  from  notes  taken  by  Mr.  Hill  :— 

At  Holywell  Bay  the  Melboxim  Bock  is  Imt  a  few  feet  above 
the  level  of  the  shingle,  while  the  highest  part  of  the  quarry  ex- 
poses the  lumpy  chalk  lying  just  below  the  Holaster  planus  zone. 
At  Holywell  the  Melboum  Bock  is  about  23  feet  thick  ;  its  lower 
part  consists  chiefly  of  hard  whitish  nodular  and  rocky  chalk  in 
regular  courses  from  one  to  two  feet  thick,  separated  by  seams  of 
marl,  but  there  are  two  courses  of  nearly  smooth  homogeneous 
chalk  ;  the  upper  part  is  in  more  massive  beds  of  hard  yellowish 
chalk,  with  layera  of  very  hard,  cream-coloured  nodules.  This 
rocky  chalk  passes  up  into  less  hard  chalk  with  only  a  few  layers 
of  nodules,  but  still  rather  rough,  and  yellowish  or  creamy  in 
tint,  and  containing  numerous  fragments  of  Inoceramus-shell. 
Inoceramus  mytUoides  is  abundant  in  these  beds,  but  Rhynchonelki 
Cvmeri  is  much  less  common  ;  their  thickness  is  about  60  feet, 
which,  with  the  23  feet  of  Melboum  Rock,  gives  83  feet  for  the 
zone  oi  Rhynch,  Cuvieri, 

This  shelly  chalk  gives  place  somewhat  abruptly  to  the  softer, 
whiter,  and  more  mas.sivelv-bedded  chalk  of  the  Terd)ratulina 
zone,  which  has  here  a  thickness  of  about  133  feet,  but 
in  the  upper  12  or  15  feet  it  becomes  lumpy  and  imeven  in  texture, 
containing  also  a  few  scattered  flints. 

Dr.  Rowe  has  more  recently  measured  this  zone,  and  estimates 
its  thickness  at  170  feet.*     Mr.  HilFs  measurements  are  given 

*  Proc.  Geol.  Assoc.,  Vol.  xvi.  p.  322  (1900). 


THE   CRETACEOU8  BOCKS  OF  BRITAIN. 


MIDDLE    CHALK — SUSSEX.  401 

Different  parts  of  the  Middle  Chalk  are  exposed  in  the  following 
quarries  near  I^ewes  :— 

1.  A  quarry  west  of  Glsmdeboum,  giving  a  dear  section  from 

the   Melboum   Bock   up   into   the   Terebratulma  zone. 

2.  An  old  quarry  further  west,  which  shows  part  of  the 

Terebratvivna  zone. 

3.  Mount  Cabum  quarry ;  a  large  quarry,  which,  with  its 

entrance  roadway,  exposes  nearly  the  whole  of  the  Middle 
Chalk,  the  lieds  dipping  north. 

4.  Southerham  limekilns,  where  portions  of  three  zones  are 

exposed,  but   not  a  continuous   section;    beds  dipping 
north. 

5.  The  new  quarry  at  Mailing,  opened  in   the  TerAratvlma 

zone  and   that  of  Holaster  planus  ;  beds  dipping  south. 

6.  Bridgewick  pit,  east  of  the  last ;  the  lower  part  of  this  is 

obscured  by  talus,  but  the  face  above  shows  portions  of 
the  same  two  zones. 

7.  The  first  cutting  on  the  railway  north  of  Lewes,  traversing 

parts  of  the  zones  of  Kkyruhondla  Cucieri  and  Tere- 
hratulina. 

Of  these  exposures,  the  first,  third,  and  fifth  present  the  best 
sections  of  the  lower  zones,  and  of  these  we  shall  give  some  j»r 
ticulars,  as  well  as  of  the  fourth  and  fifth. 

The  section  in  Glyndebourn  Pit,  three  furlongs  west  of  Glynde- 

bourn  Farm,  from  notes  supplied  by  Mr.  Reid  and  Mr.  Rhodes, 

is  as  follows  :  — 

feet. 
5.  White  chalk  without  flints,  inacce^ble,  but  showing  two 

thin  layers  of  naarl      -        -  -        .       .       30-40 

4.  Nodular  chalk  with  some  green-coated  nodules  -        -       1 

3.  White  chalk  with  grey  streaks 20 

2.  Firm  white  chalk  with  a  marked  nodular  bed  at  the  top 

containing   green-coated   lumps 30 

1.  Hard  rocky  chalk  — Melboum  Rock ?  10 


About    90 

From  the  Bed  No.  2  Mr.  Rhodes  obtained  the  following  fossils, 
which  were  named  by  Messrs.  Sharman  and  Newton  :— 


Inoceramus  like  Lamarck i. 
Spondylus  sp. 

Ammonites  [HopUtes]  leptophyllus  ? 
„         [Acanth.J  nodosoideB. 


Discoidea  subiiculus. 
Galerites  subrotundus 
Terebratula  semiglobosa. 
Rhynchonella   Cuvieri. 
Inoceramus  raytiloides. 

From  the  overlying  chalk  (No.  3)  he  obtained  TerdmUvla 
semiglobosa,  Terebratvivna  gracilis  var.  lata,  and  Inooera/nyus  sp. 

Mount  Caburn  Quarry.— This  was  described  in  some  detail  by 
Dr.  Barrois  in  1876  ("  Recherches,"  p.  28),  and  it  was  visited  by 
Mr.  Rhodes  in  1896,  by  which  time  it  would  seem  to  have  been 
enlarged  and  cut  back  further  than  when  seen  by  Dr.  Barrois. 
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The  following  account  has  been  taken  chiefly  from  the  notes  of 
Mr.  llhodes  :—  feet. 

Chalk  with  frequent  bands  of  flint  nodules,  inaccessible,  but 
specimens  of  Micraster  coriestudinarium  and  Echinocorys 
vulgaris  found  on  the  pit  floor  seem  to  have  come  from  this     40 

Chalk  with  several  layers  of  yellow  and  green-coated  nodules, 
and  a  hard  yellowish  bed  at  the  be^ ;  flints  rare  and 
scattered  (zone  of  HoL  planus) 12 

Compact  homogeneous  white  chalk,  with  several  thin  layers 
of  grey  marl ;  no  flints  except  quite  at  the  top,  where  there 
is  a  single  layer  of  small  black  flints.  Fossils  found  princi- 
pally about  20  feet  from  the  top 80 

Hard  chalk,  with  a  marked  nodular  bed  at  the  top  (zone  of 
Rhynch,  Cuvieri) seen  for       8 

140 
Lower  beds,  including  the  MeUx)urn  Rock,  can  ]ye  seen  in  the 
road-cutting  which  leads  to  the  quarry.    The  beds  dip  at  an  angle 
of  10  to  12'  to  the  north. 

The  Ranscombe  Quarry,  a  little  farther  west,  must  have  shown 
a  similar  section  in  1875,  as  dascribed  by  Pi*of.  Barrois,  who  was 
fortunate  in  obtaining  five  species  of  Ammonites  from  it,  but  it 
is  now  disused  and  obscured  by  talus. 

Southerham  Limekiln  Quarry,  the  position  of  which  is  indi- 
cated in  Fig.  66,  must  once  have  shown  a  line  section  through 
the  whole  of  the  Middle  Chalk.  It  has  been  mentioned  bv  Mantell 
and  Martin,  and  in  all  probability  the  former  obtained  many 
fossils  from  it.  The  present  workings,  however,  are  chiefly  at 
the  northern  end  in  the  higher  zones,  and  the  southern  i)ai't  of 
the  great  excavation  is  much  obscured  and  overgrown.  The  beds 
have  a  northerly  dip  of  about  25®. 

At  the  southern  end,  however,  Mr.  Rhodes  found  a  small  ex- 
posure of  the  Melbourn  Rock,  succeeded  by  rough  shelly 
chalk  with  Inoceramus  mytUoidcs  and  lUiyndcoiiella  Cuvieri, 
The  top  of  this  zone  is  marked  by  a  bed  of  hard  chalk  about  a  foot 
thick,  yellowish,  and  containing  some  yellow-coated  nodules. 
Above  this  are  small  exposures  in  the  Ter^atvlina  zone. 

The  Mailing  quarries  lie  to  the  north-east  of  Lewes,  at  the  north 

end  of  the  section  Fig.  71,  and  that  called  the  **  new  pit ''  must 

formerly  have  shown  an  excellent  vertical  cut  through  the  Tere- 

bratuliiui  zone.      Mr.   Rhodes  reports  that  the  quarry  is  al)Out 

120  feet  deep,  but  that  the  lower  i)art  is  now  much  ol^scured 

by  talus  and  grass  ;  the  upper  face  shows  the  following  beds  :  — 

feet. 
Rough  chalk  with  scattered  flints  and  two  layers  of  flints 
near  the  top,  below  a  seam  of  marl  (this  chalk    is   not 

accessible) al)0!it    ^40 

Massive     white     chalk    without    flints    (Holaster 

planus) about     10 

Terehra-    J  Seam  of  grey  marl. 

tvlini       I  White  chalk  without  flints,  containing  Ter.  gracilis 

Zone.  var.  lata^  Galerites  subrotundus,  and  Ammofiites 

[Pa/;hydiscus\  peramplus      -  seen  for  about    20 
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3.  Amberley,  Houghton,  and  Dunoton. 

The  only  other  district  about  which  we  have  any  special  informa- 
tion is  that  which  includes  the  villages  of  Amberley,  Houghton. 
Bury,  Bignor,  Upper  Waltham,  and  Duncton.  The  exposures  in 
this  district  have  been  examined  by  Mr.  C.  Beid  and  Mr,  W.  Hill. 

Zone  of  Rhynchonella  Cuvieri 

Rough  nodular  chalk  which  cannot  be  far  above  the  Melbourn 
Kock  is  exix)sed  in  the  most  noi-theni  jmi-t  of  the  lai'ge  quarry  by 
Amberley  Station,  close  to  the  main  road.  About  25  or  30  feet 
of  this  chalk  is  seen,  and  from  it  Mr.  Hill  obtained  Inocerarwus  myti- 
hides  and  a  few  Rhynchonella  Cuvieri. 

The  Ixise  of  the  Melbourn  Rock  is  exix)8ed  in  the  quarry  south 
of  Huiy,  and  Mr.  Reid  saw  good  sections  of  the  lower  half  of  the 
Middle  Chalk  iji  the  road  cuttings  south  of  Bignor  and  near  Cold- 
harlx)m*  Farm.  He  could  trace  the  outcrop  of  the  Melbourn  Rock 
continuously  along  the  escarpment  from  Sutton  to  Duncton.  A 
pit  by  the  road,  a  little  below  the  top  of  Duncton  Hill,  about  700 
yards  south-west  of  the  church,  exposes  the  zone  of  Rhynchonella 
Cuvieri,  that  fossil  and  Inoceramus  mytiloides  being  abundant. 

Mr.  Reid's  survey  also  showed  that  a  westerly  extension  of  the 
Greenhurst  anticline*  causes  the  Middle  Chalk  to  be  exix)8ed  con- 
tinuously from  Farm  Hill  and  Upper  Waltham  along  the  I^avant 
valley  as  far  as  West  Dean.  The  Melbourn  Rock  is  exposed  at 
several  points  round  the  inlier  of  Lower  Chalk  at  Littleham  Farm. 

Terebratulina  Zone. 

The  Ijest  section  of  this  zone  in  western  Sussex  is  that  of  the  large 
quarry  by  Amberley  Station. 

Writing  of  this  quarry  in  1850,  Mr.  Dixon  said,*  "the  large 
quarry  on  the  opposite  side  of  the  River  Arun  (to  Houghton)  is 
called  Balcombe-pit,  and  is  of  the  Lower  Chalk  formation,  or  that 
without  flints.''  Among  fassils  found  here  he  mentions  Radiolites, 
"  tones  of  Turtles  and  Fish  as  in  very  good  preservation,  particu- 
larly Berifx  onuitus  and  MncrojM/mn  Mantelliy  Jllchinoderms  and 
Crustact^ans,  espt'cially  KnojplfH'lyfi/i  l^eachi.  The  Jiodules  of 
sulphide  of  iron  here  often  contain  \\  Terdjratvla  or  other  small 
shell  in  the  centre,  which  elsewhere  is  rare." 

Professor  BarroLs  has  also  described  this  jnt  (Rechei'ches,  p.  33) 

giving  the  following  particulars  :—  feet. 

5.  Compact  chalk  with  scattered  flints. 
4.  Shaly  chalk  with  scattered  grey  flints,  TerebraAula  semi- 

globosa,  Inoceramtis  sp. 6^ 

3.  Layer  of  yellowish  nodules. 

2.  Homogeneous  white  chalk,  in  courses  separated  by  seams 

of  grey  marl 82 

1.  Hard  compact  white  chalk,  in  beds  about  3  feet  thick, 

separated  by  marly  seams,  which  contain  nodides  (of 

chalk)    -    ^ 33 

About  121 

-.. ... ■  ^^~~^ 

*  Geology  of  Sussex,  Second  Edition,  1878,  p.  130. 
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Zone  of 
Rhynch. 

Zone  of 
Tereb. 

Zone  Un 

known. 

—  - 

Cuvieri. 

1 

gracilis. 

KejttHa. 

• 

('imoliosaurus  Bernard!,  Cht^en  (tooth) 

— 

— 

8 

Polyptychodon  interruptus  Owen  (teeth) 

— 

s 

Visces. 

Beryx  ornatus,  Ag.  (Hoplopteryx)    - 

— 

— 

s    a 

„       radians,  Ag.  (Ctenothrissa)  - 

a 

e     8 

s 

Belonostomus  cinctus,  Ag. 

— 

— 

8 

Ciiuolichthys   lewesiensis,    Leidy 

— 

— 

s    a 

Corax  falcatus,  Ag. 

— 

e 

„      maxiiuus 

— 

— 

a 

Dercetis  elongatus,  Ag.      - 

— 

— 

a 

Knehodus  lewesiensis,  Mant. 

— 

s    a 

Oyrodus  cretaceiis,  Ag.     - 

— 

— 

8 

Horrionotus  dorsatus,  Ag.  -        - 

— 

— 

8 

Lamna  appendiculata,   Ag. 

e          a 

e    8 

Lophiostomus  Dixoni,  Ag. 

— 

— 

s 

Macropoma  Mantelli,  Ag.  - 

— 

— 

8 

Microdon  occipitalis,  Dixon 

— 

— 

8 

Plethodus  expansus,  Dixon 

— 

*•. 

8 

Notidanus    microdon,    Ag.               -        - 

e 

e 

Oxyrhina    craasidens,  Dixon 

e 

e 

,,        Mantelli,  Ag.      - 

— 

a 

Ptychodus  nianimillaris,  Ag.     - 

e 

e     8 

8 

„          latisshuus,  Ag. 

— 

— 

8 

Scapanorhynchus  subnlatus,  Ag.     - 

- 

e     8 

Vertebrae    and    scales       -        -                 - 

e 

e 

Cepfialo/yoda. 

Ammonites  [Hapl]  leptophyllus  Sharpe  - 

s 

— 

„               „    1  lewesiensis,  Mant. 

8 

- 

8 

j» 

Acanth.]  carolinus,  d'Orh.     - 

— 

8 

•> 

„      1  nodosoides,  Schliiler- 

s 

- 

„       [Pacliydiscus]  peramplus,  Mant. 

— 

8 

J,          [Acanth.]  rusticus.    Sow. 

— 

— 

3 

„      [Prionotropis]  Woolgari,  Mant.  - 

— 

8 

Hamites  angiistus.  Sow.    -        -        -        - 

— 

8 

GaatertjptKla. 

Ociitaiium  sp.    -        -        - 

— 

— 

8 

Pleiuotomaria  pcrspectiva,  Mant. 

— 

— 

s 

Solariella  gcmmaUi,  Sow.  - 

_^ 

— 

8 

Turritella  sp. 

— 

— 

S 

LamelUbranchiata. 

Iiioceramus    Brongniarti,    Sow. 

— 

c    s    a 

8 

„          Cuvieri,  Sow.  -        -        -        - 

e     8 

e     8 

3 

„          mytiloides,  Sow.     - 

c     8     a 

e 

Lima  sp. 

c 

— 

' 

Ostrea   normaniana,   d'Orb. 

e 

e    8 

„       hippopodium,  dOrb.     - 

— 

e 

„      semi  plana.  Sow.    -        - 

a 

e     8 

„      veaii 

;ularis,  Lam.    -       -        - 

-— 

e    s 

- 
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Pecteii  Beaveri,  Sow,  -       -       . 

,.      (Neithea)  d-costatus^  Sow, 
Plicatula   sigilliaa,    Woodw. 
Radiolites   Mortoiii,    Mani, 
Spondylus  latus,  Sow, 

„        dutempleanus,  (VOrh, 

„        spinosus,   Sow. 
Teredo  ainphisbi)ena,  Goldf. 

Brachiopoda. 

Rhyiichouella  Cuvieri,  (VOrh.    - 

limbata,  Schloth. 
plicatilis,  Sow.     - 
reedensis,  Etk.    - 

Terebratulina  gracilis,  var.  lata,  Ktk. 
„  striata,  WaAl,     - 

Terebratula  semiglobosa.  Sow,  - 


>> 


♦» 


Crustacea. 

Enoploclytia  Lcachi,  Mant. 

„  sussexiensis,   Mani. 

Loricula  pulchella.  Sow,    - 
PoUicipes  Isevis,  Sow  -       -        - 


Annelida. 
Serpula  anaulata,  Sow, 
ilium.  Sow.  - 
plana,   Woodw. 
plexus,  Sow. 


»i 


»> 


>) 


>» 


>> 


>» 


Ech  inodermata . 

Ciirdiast^r  pygmieus,  Forties     - 
Ciclaris    Bowerlmnki,    Forfns    - 

dissiinilis,  Forbes   - 

hirudo,    Sorig. 

serrifera,  Forbes    - 

subvesiculosa  ?  d'Orb.  - 
Cyphosouia  radiatuin,  Sorig.    - 
„  granuloBUin,  Goldf. 

Discoidea  Dixoiii,  Forbes   - 
minima,     Ag.    - 
Echinocorys  scutatus,  Leske 
Gale  rites  subrotundus,  Mant. 
Glyphocyphua  radiatus,  Hoening. 
Holaster  planus,  Mant.    - 
„        placenta,  Ag.    - 
Hemiaster  minimus,  Ag.   - 
Metopaster  Ma n tell  i,  Forbes 
Mitraster  compactus,  Forbes 
Mioraster    corbovis,    Forbes 
Pentacrinus  sp.  - 
Salenia  granulosa,  Forbes  - 
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Zone  of 
l^hynch. 

Zone  of 
Tereh. 

Zone  Un- 

known. 

I  Cuvieri. 

gracilis. 

Actinozoa, 

Parasmilia  centralis,  M'ant.     .       -       - 

~ 

s 

8 

Spongida, 

Cephalites  catenifer,  Smith 

— 

— 

s 

„         longitudinalis,  Smith 

— 

— 

s 

„         paradoxus.  Smith    - 

— 

— 

s 

Cliona  cretacea,  Portl,     - 

_ 

e 

Craticularia  Fittoni,  Mant 

e 

e 

Guettardia  stellata,  if ic^.  -        -        -        - 

0 

e 

8 

Heterostinia  obliqua,  Benett     -        -        - 

-. 

e 

Plocoscyphia  convoluta,  jS'mif A  - 

e 

e 

„            labrosa,  Smith    - 

e 

e 

Porosphsera  globiilaris,  Phil.    - 

e 

e 

Ventriculites  decurrens,  5^wi<A  - 

— 

e 

s 

„           impressus,  Smith  - 

- 

e 

s 

raammillaris,  Smith     - 

-. 

e 

yy           radiatus,  Mant,    - 

- 

e 

\ 

408  THH    CRETACEOUS   ROCKS  OF   BRITAIN. 


CHAPTER    XXXI. 


THE  MIDDLE  CHALK   IN   THE  ISLE  OF   WIGHT. 

General  Description. 

Starting  from  the  southern  side  of  Culver  Point  the  outcrop  of 
the  Middle  Chalk  forms  a  narrow  band  along  the  Downs  as  far  as 
Carisbrook  Castle  in  consequence  of  the  high  dip.  West  of  this 
the  space  occupied  by  this  division  widens  out  and  extends  south- 
ward owing  to  the  flattening  out  of  the  beds  between  the  two  anti- 
clinal folds  described  by  Mr.  Strahan  as  the  Sandown  and  Brixton 
anticlines.*  Neither  of  these  flexures  stretches  completely  across 
the  island,  and  where  one  meets  the  other  the  bedJs  flatten  out 
and  appear  even  to  be  deflexed  into  a  short  and  shallow  syncline 
which  crosses  the  valley  of  the  Medina  between  Rookley  and 
Gatcombe  Down  (see  Fig.  73). 

North-west  of  Shorwell  the  dips  become  greater  again  as  the 
influence  of  the  Brixton  anticline  makes  itself  felt,  and  the  baaset 
surface  of  the  Middle  Chalk  is  again  reduced  to  a  narrow  band, 
which  runs  into  the  sea  at  Compton  Bay. 

The  first  adequate  description  of  the  beds  which  form  the  Middle 
Chalk  or  Turonian  of  the  Isle  of  Wight  was  that  published  by  Pro- 
fessor BiUTois  in  1875.J  In  this  memoir  he  clearly  distinguiHlied 
the  zones  of  Inoceramiis  lahiatus  (=zone  of  RhifuchoTiella  Cuiyieri), 
of  Terd)ratvli7ha  gracilis  and  of  Holast^r  pi  amis,  and  though  in 
1876  (Eecherches,  p.  107)  he  altei-ed  his  opinion  wnth  I'egard  to 
the  last  zone,  we  believe  his  original  identifications  to  be  con^ct. 

In  1865  Mr.  Whitaker  gave  some  account  of  the  Isle  of  Wight 
Chalk,  and  indicated  a  thin  bed  of  hard  chalk  with  a  layer  of  green- 
coated  nodules  which  he  regarded  as  the  equivalent  of  the  Chalk 
Bock  of  Berkshire  and  Wiltehire,  which  he  had  described  a  few  yeara 
earlier.  As  the  bed  is  certainly  not  far  from  the  horizon  of  the  Clialk 
Bock,  and  as  in  those  days  zones  and  zonal  fcxssils  were  little  studied, 
it  was  a  very  probable  correlation,  and  it  has  been  accepted  by  all 
subsequent  writers  on  the  Isle  of  Wight.  We  know  now  that  the 
true  Chalk  Bock  lies  in  the  zone  where  Hola^ter  planus  is  asso- 
ciated with  many  Micrasters,  and,  as  Professor  BaiTois  pointed  out 
in  1875,  the  fauna  of  this  zone  does  not  begin  to  come  in  till  we  get 
some  feet  higher  than  the  layer  of  green-coated  nodules,  and  above 
a  seam  of  black  marly  clay.  He  then  placed  the  nodule-bed  m  the 
TerAratvliTUi  zone,  but,  afterwards,  assmning  that  this  bed  was 

*  Geology  of  the  Isle  of  Wight,  Mem.  Geol.  Survey,  Second  Edition, 
p.  240, 1889. 

t  Piblioth^ue  de  I'Ecole  des  Hautes  Etudes,  Sr.  Nat.,  Tom.  xiii. 
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the  equivalent  of  the  Chalk-rock,  he  referred  it  to  the  zone  of  Hoi, 
planus,  and  the  overlying  nodular  chalk  to  the  zone  of  Micraster 
corteatudinarium. 

We  think  that  Professor  Bari'ois's  first  view  was  correct,  and  that 
the  real  mistake  lay  in  the  correlation  of  the  layer  of  green  nodules 
with  the  Chalk  Rock.  There  is  no  doubt  that  beds  resembling 
Chalk  Rock  occur  at  several  horizons,  and  in  the  north  of  Hamp- 
shire there  is  one  in  the  Terebratvlina  zone  below  true  "  Chalk 
Rock.*'  The  mere  lithologiciil  resemblance  carries  little  weight 
unless  it  Ls  coiitirmed  by  the  evidence  of  the  fossils,  and  this  is  not 
the  case  in  the  Isle  of  Wight. 

The  characteristic  fossils,  Holaster  planus  and  Micraster  Leskei 
do  not  indeed  become  abundant  till  we  get  above  another  seam 
of  marl  which  lies  8  or  9  feet  liigher  than  the  seam  of  black  marl 
or  clay,  and  it  Ls  at  this  light  gi-ey  marl  that  we  propose  to  terminate 
the  Terebratulina  zone  and  with  it  the  Middle  Chalk. 

We  consider  that  the  Chalk  Rock  of  W^iltehire,  Berkshire,  and 
more  northern  counties  is  i-epresented  in  the  Lsle  of  Wight  by  the 
lower  part  of  the  rough  nodular  chalk  which  overlies  the*  upjier 
seam  of  marl.  These  beds  will  be  described  in  another  vohmie 
under  the  head  of  Upper  Chalk,  and  it  is  only  necessary  to  note 
here  that  below  them  Micrasters  are  so  rare  that  it  is  uncertain 
whether  any  specimen  or  fragment  of  one  has  yet  been  found  in 
what  we  regard  as  Middle  Chalk. 

In  passing  from  the  eastern  to  the  western  extremity  of  the  Isle 
of  Wight  the  Middle  Chalk  undergoes  a  certain  diminution  of  thick- 
ness. Mr.  Strahan's  ine.usurements  at  Culver  in  1887*  gave  a 
tliickness  of  18*^  feet  .")  inches  for  the  beds  between  the  base  of  the 
Mellx)urn  rock  and  the  black  clay-band  above  mentioned.  In  1897 
Mr.  Hill  succeeded  in  m(»iusuring  the  same  beds  in  Compton  Bay, 
and  found  the  thickness  only  141  feet  7  inches,  showing  a  difierence 
of  alx)ut  42  feet  (see  Fig.  74).  If  we  take  the  measurements  up 
to  the  seam  of  grey  marl  they  Ijecome  194  and  150  feet  i-es))ectively. 

Stratigraphical  Details. 

Complete  sections  of  the  Middle  Chalk  are  exposed  in  the  clifts 
near  Culver  Point  and  in  Compton  Bay,  and  jxjrtions  of  this  division 
are  to  be  seen  in  some  of  the  inland  quarries.  We  shall  take  the 
exposures  in  order  from  east  to  west. 

The  greater  part  of  the  Culver  Cliff  section  is  difficult  of  access, 
but  the  highest  and  lowest  teds  can  be  easily  reached,  and  Mr. 
Strahan  was  able  to  estimate  the  total  thickness  by  measuring  from 
])oint  to  point.  The  following  account  is  based  on  that  published 
by  him  in  the  Memoir  on  the  Isle  of  Wight  (1889),  supplemented 
qy  notes  taken  by  Mr.  Hill  on  a  more  recent  visit  in  1897  :  — 


*Sce  Geology  of  the  Isle  of  Wight,  Mem.  Geol.  Survey,  Second  Edition 
(i889)  p.  89. 
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Upper  Chiklk.— Rough  luxlular  chalk.  ft.  in 

Seam  of  light  grey  marl O     1 

g      ^     Hard  rough  nodular  chalk 10     O 

.=     ^     Layer  of  black  clay 0     6 

"3  v'X.     Hard  rough  nodular  chalk    -----     8     0 
a  3  ^     Hard  greyish  chalk,  with  a  layer  of  hard  green- 

-§^-        coated  nodules  at  the  top 12 

.fc      I     Hard  white  clialk,  rough  at  the  top,  but  luoatly  in 
^     "^        massive  beds,  separated  by  thin  layers  of  nmrl ; 

*-     no    flints about  90     0 

..a  /Hani  whitish  chalk  in  thinner  beds,  with  many 

=  fraginentsand  sheila  of  Inoceramm  mpliloides  ; 

-c'C  S        Hkynckcmella  Guvieri  is  less  common       -        -  74     O 
^■|"Jshaly  chalk    -        -        ■  ....     a     O 

"3  ^  -P  I  Hard  bedded  chalk,  with  layers  of  yellow-coated 
=      '^        nodules  and  seams  of  greenish  marl  (.Melbourn 

S  \     Rock) 8     3 

Lower  Chalk  — Bluish  marl  (see  p.  88).  

194     0 
The  UellKmrn  Itock  is  well  exposed  in  Mr.  Mumm's  quarn'  west 
of  ^  ai-tificlt;p.     The  general  section  of  thiw  lias  been  piven  on  p.  KH, 
iin!  lilt'  (letjiib*  of  the  upijer  |wirt  are  as  follow  :  — 

ft.  in. 
Hard  white  bedded  chalk,  with  Inoceramwi  mylilnidcn 
and  Rhynch.  Cwiieri       ....        more  than     20     0 

(Hard  white  rough  nodular  chalk  in  regular  beds, 
separated  by  marly  partings     -        -        -        -      5    0 
Rough  wliitc  nodular  chalk  in  one  bed  -       -       -      1     6 
Thinseamiif  greenish  laminated  marl  -        --02 
Hard  rough  nodular  whitish  clialk,  \'eined  and 
streaked  with  grceuish-grey    ■        -        -        -       4     6 

Lower  Chalk— for  details  see  p.  fi8 190     O 

The  highest  part  of  the  Ter^ratvlina  ziine  is  exposed  in  a 
<liiai'i\'  half -a  niiie  west  of  Varbiidge.     The  beila  seen  are : — 

ft.    in. 
Upiwr  Chalk— Rough  nodular  chalk 14    0 

(Ream  of  white  marl .01 
Kiiugh  nodular  chalk S    n 
Seain  of  black  cla^ 0    1 
Rough  chalk,  i>assing  into  smoother  -        -      8    0 
Layer  of  green-coated  nodules    -        -        -      0    I 
Rough  nodular  chalk S    6 
Smooth  chalk      --.---.'■.    6 
The  ilelljourn  Rock  w;i8  observed  by  Mr.  Strahan  in  a  pit  on 
Uei-sley   l>o«ii,  noith-west  of  Mersley  Ixxlge,  where  it  is  alwut 
',1  feet  thick,  and  is  Hurceeded  by  (ifl  feet  of  hard  chalk  with  marly 
l«i-tingB,  Ijelonging  to  the  zone  of  Rhifiich.  Cutnen. 

\  large  pit  on  .ALn-eton  Down  to  the  westward  exposes  the  top 
if  the  rereiratt/Kduxone  (18-20  feet)  overlain  by  the  nodular  chalk 
of  the  Hill,  planus  zone,  the  succession  being  like  that  at  Yarbridge, 
hut  not  reaching  the  chalk  with  flints  when  seen  in  1887. 

A  still  bettei'  section  of  the  two  liigber  zonee  is  to  be  seen  in  a 
quarry  near  the  Convent,  east  of  Carisbrook  Castle,  where  the  beds 
ai-e  di|)ping  steeply  to  the  north.  This  has  been  enlarged  since 
ltJH7,  and  the  top  of  the  zone  of  Rhpidi.  Cvmeri  appears  to  be 
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shown ;  combining  the  notes  taken  by  Mr.  Strahan  and  Mr.  Hill, 
the  section  is  as  follows,  the  limits  of  the  three  zones  being  indi 
cated  by  the  brackets  :— 

Zone  of    f  Nodular  chalk  with  grey  flints 
H,  planus.  \  Nodular  chalk  without  flints 

''Thin  seam  of  grey  marl. 
Smooth  white  clmlk        .        .        .        . 

Dark    marly    clay 

Hard  chalk 

Terefjra-       Layer  of  green-coated  nodnles- 

ttUina       t  Nodular  chalk 

Zone..        1  Smooth    chalk 

Fault  Plane, 
Smootli  chalk  in  thick  l)eds,  with  partings  of 
marl  at  intervals  of  2  t«  4  feet ;  Ter.  gracilis 
V      var.  lata,  about 75     0 

Zone  of      f  Hard    white  chalk    in    thicker    beds,    with 
R,  Cuvieri.  \    Eh,  Cuvieri  And  Inoc.  mytiloides-aeen  for      -     15     0 


ft. 

in 

?  10 

0 

5 

0 

7 

6 

0 

1 

6 

0 

0 

3 

2 

4 

4 

0 

About  125     0 

Mr.  Strahan  remarks  that  "the  fault  mentioned  above  runs 
W.  IS"*  S.,  very  nearly  along  the  strike  of  the  strata  which  it  throws 
down  to  the  north,  its  effect  being  to  depress  out  of  sight  an  un- 
known thickness  of  the  upper  beds  of  the  Middle  Chalk.  The 
dip  points  a  little  way  west  of  north  at  42°.*' 

The  lower  part  of  the  Rh,  Cuvieri  zone  with  the  Melboiu'n  Rock, 
about  40  feet  in  all,  resting  on  the  Belemnite  marl,  is  exposed  in  an 
old  pit  now  occupied  by  fai'm  buildings  about  half  a  mile  east  of 
the  alx)ve.  This  is  the  pit  mentioned  by  Professor  Barrois  in  1875, 
from  which  he  obtained  Iiwceramus  mytUrruies,  Khynchojiella 
Cuvieriy  and  Ci/lnris  hinulo. 

Southwards  by  the  Garstons  and  Gatcomlje  Down  there  ai-e  no 
good  sections,  but  the  base  of  the  Middle  Chalk  caps  the  bold  escarjv 
ment  of  Chillerton  Down,  and  Mr.  Strahan  states  that  the  Mel 
bourn  Rock  is  exposed  at  the  top  of  the  large  quarry  at  Shorwell, 
but  in  1887  it  was  inaccessible.  Professor  Barrois  records  fossils 
from  Shorwell  (Ino.  lahiatus  zone)  in  his  list,  so  that  he  must  have 
found  some  accessible  exposure  there. 

No  other  good  sections  present  themselves  till  we  reach  the  we^t 
end  of  Brixton  Down,  whei'e  the  upjoer  part  of  the  zone,  with  nuich  of 
the  overlying  nodular  chalk,  is  well  exjxysed  in  the  highest  quarry  on 
the  north  side  of  the  Callx)m*ne  and  Brixton  road.  Tlie  section  here 
was  first  described  by  Mr.  Whitaker  in  1865,*  next  by  Professor 
BarroLs  in  1875,t  and  lastly  by  Mr.  Strahan  in  the  Survey  Memoir 
(1889.)  The  line  of  black  clay  which  usually  occurs  from  6  to  8  feet 
above  the  green-coated  nodulas  wiis  seen  by  both  the  earher  ol^servei-s, 
but  was  not  visible  in  1887,  owing  probably  to  some  local  squeezing 
or  faulting  in  the  face  then  exposed.    In  1897,  however,  Mr.  Hill 

*  Quart.  Journ.  Geol.  Soc.,  Vol.  xxi.  p.  402. 

t  Description  G^l.  de  la  Craie  de  Tile  de  Wight,  p.  18. 
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found  it  again  shown  in  the  proper  position,  and  took  the  following 
measurements  :  — 


Hard  smooth  white  chalk  with  flints       .        .        .        - 

Hard  rough   nodular  chalk  without  flints  ; 

crushed  Echinoderms  are  visible 
Seam  of  dark  grey  marly  clay  -        -        -        - 
Hard  rough  nodular  chalk    -        -        -        • 
Layer  of  green-coated  nodules 
Rough  knotty  chalk,  passing  down  into  smooth 

white  chalk 3  or  4 

^  Smooth  hard  white  chalk  in  thick  beds,  over  -         40 


Teref/ra- 

tulina 

Zone. 


ft. 

in. 

15  or  20 

2] 

0 

0 

2 

7 

6 

0 

6 

0 


He  did  not  note  the  presence  of  the  second  layer  of  marl,  having 
no  idea  at  that  time  that  it  was  of  any  special  importance ;  most 
probably  it  will  be  found  to  occur  7  or  8  feet  above  the  layer  of 
dark  marly  clay. 

The  most  complete  and  accessible  section  of  Middle  Chalk  is  that 
in  Compton  Bay,  and  this  was  carefully  meaflured  by  Mr.  Hill  in 
1897,  with  the  following  results  :  — 


ft.    in. 


a 
o  ^ 

.f  00 


fl 


Very  hard  rough  knotty  chalk  with  flints  ;  Holaster  planus, 
Micraster  Leskei 

'Rough  nodular  chalk,  with  occasional  //.  planus 

Seam  of  dark  grey  marl 

Hard  rough  knotty  chalk,  without  flints  - 

A  layer  of  hard  yellowish  nodules  at  the  top  of 
very  hard  rough  knotty  chalk  -       -        -       - 

Very  hard  rough  lumpy  chalk,  HoL  planus  - 

Layer  of  irregular  green-coated  brownish  lumps  - 

Rather  hard  rough  chalk,  gradually  passing  down 
into  smooth  white  chalk 0 

Hard  smooth  white  chalk  in  massive  courses, 
divided  by  seams  of  marl 

Hard  white  chalk  in  thinner  courses,  veined  and 

streaked  with  greenish-grey     -       -       - 
/Hard  white  chalk  in  massive  courses,  with  many 
/     fragments  of  Inoc.  mytiloides    -        -        - 

Ijayer  of  yellow-coated  nodules  creamy-yellow 
inside,  a  conspicuous  bed 

Hard  white  chalk  with  many  fragments  of  Inoc, 
mytiloides,  also  Rhyndwnella  Cuvieri,  Cardiaster 
py^mreus^  and  Salenia  granulosa  ?      -        - 

Hard  rough  nodular  chalk  in  thin  courses,  sepa- 
rated by  seams  of  greyish  marl  -        -        -        - 

Very  rough  hard  nodular  chalk,  in  three  courses 

separated  by  seams  of  mari 

Lower  Chalk  (see  p.  89). 


8 

0 

0 

2 

1 

0 

1 

3 

3 

6 

0 

8 

o  ^ 

a 

o 

S3 


\ 


0 


40     0 


-  25     0 


-  27     0 


1     0 


-  26     0 


6     0 


4     0 


About  150     0 


Fossils  from  the  Middle  Chalk  of  the  Isle  of  Wight. 

ThLs  list  has  been  drawn  up  from  the  following  sources  :— (1)  Lists 
kindly  sent  to  us  by  Mr.  Ch.  Griffith,  of  Winchester,  compiled  from 
specimens  collected  by  himself  and  Mr.  R.  M.  Brydone.  (2)  Col- 
lections made  for  the  Survey  by  Mr.  Rhodes.    (3)  Lists  published 
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l)y  Professor  Barrois  in  his  "  Description  de  la  Craie  de  Tile  de  Wight." 
(4)  Fossils  found  by  Mr.  W.  Hill  at  the  places  examined  by  him. 
These  som-ces  ai-e  distinj^uished  in  the  list  by  the  letters  G,  S,  B, 
and  H  respectively. 


Zone  of  R. 
Cuvieri. 


»» 


C;  S  B  H 
G 

B 
G 


Ammonites  [Pachydiacus]  peramplus,  Mant.  -  B 
[Prionotropis]  Wool^^ari  ]  Mant,  -  B 
Aporrhais  Mantelli  ?  Gard.        -        -        -        -      B 

Hippurites  sp. \  i\ 

Inoceramiis  Cuvieri,  Sow, (x 

Brongniarti,  Sow.     -        -        -        - 
Lamarcki,  Park.       ...        - 
mytiloides,  Sow,        .... 
Ostrea  canaliculata,  Sow.     -        -        - 

hippopodium,  NiUs. 

normaniana,  d'Orb.  .... 

semiplana,   Sow, 

vesiciilaris,   Lam. G 

Plicatula  sigillina,  Woodw. G 

„        Barroisi,  Peron H 

Spondylus  dutempleanns,  d'Orb. 

„        latns,    Sow. 

„        spinosus,  Sow. 

Rhynchonella  Cuvieri,  d*Orb.      -        -        - 

mantelliana,    Sow. 
plicatilis,  Sow.        -        .        .        . 
„  reedensis,   Eth.       -        -        .        - 

Terebratula  carnea,  Sow. 

„  semiglobo^a,  Sow.      -        -        -        - 

Terebratulina  gracili'>»  var.  lata,  Eth.  - 

„  triata,    Wahl.        -        -        .        . 

Defranci     sp. j 

Serpula  ampullacea,  Soiv. 

Bourgueticrinus  sp. ' 

Cardiaster   pygin?eus,    Forbes      -        .        -        -  H 

Cidaris  clavigera   ?   Koenig.  (  =  C.  Sorigneti)    - 

„       hirudo,    Sorig. G       B 

Cyphosoma   radiatuni,   Sorig,      -        -        -        - 

»»  sp-. i 

Discoidea    minima,    Ag. B  H 

„        subuculus   ]   Kleiv  -        -        -      G  H 

Echinocyphus  difficilis   Ag  - 

Gralerites  subrotundus,   Mant.    -         -        - 

Holaster   planus,    Mant. j 

Mitraster   rugatus,  Forbes  •       -        -        -  ' 

Pentacrinus     Agassizi,  Ha^.        -        -        -        -  | 

Salenia  granulosa,  Forbes i  H 

Porospbaera  globularis,   Phil.      -        -        -        -  I      


Terebratu- 
lina 
Zone. 


Q  S  B  H 

S 
S 


G  S  B  H 
H 


B 
B 


B 


G 
(\ 

G 


G     B 
G     B 

G 
G 
G 

G     B 
G     B 
G     B 
G 
G 
G 

G 

G 
G 


G 
G 
U 
G 
G 

G 
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CHAPTER     XXXII. 

THE    MIDIJLE    CHALK    IN    SOUTH    DORSET. 

General  Descru»tion. 

I'lie  Middle  Chalk  of  South  Dorset  resembles  that  of  the  Isle  of 
Wight,  but  its  tliickiiess  appeals  to  be  rather  less  where  the  most 
.satisfactory  measurements  can  Ije  made,  being  only  about  128  feet 
in  Ballard  cUff  and  alx)ut  134  at  White  Nothe. 

A  peculiarity  in  the  Middle  Chalk  of  Dorset  is  the  setting 
in  of  a  band  of  hard  smooth  chalk  at  the  base.  This  band  is 
six  feet  thick  in  Ballard  clift'  and  thickens  westward  till  it  is 
more  than  20  feet  in  Mupe  Bay  and  Lulworth  Cove  ;  west  of  that 
we  have  no  measurement  of  its  thickness,  but  it  probably 
becomes  less.  As  in  other  parts  of  England  the  Belemmte  Marls 
are  succeeded  directly  by  the  Melboum  Rock,  we  have  had  some 
doubt  whether  this  intermediate  band  should  be  regarded  as  be- 
longing to  the  Lower  or  to  the  Middle  Chalk.  It  contams  very 
few  fossils,  but  such  as  do  occur  appear  to  be  of  Middle  Chalk 
species ;  further,  in  some  localities  there  is  no  very  clear  demar- 
cation between  it  and  the  representative  of  the  Melboum  Rock. 
Consequently  we  have  grouped  these  beds  as  Middle  Chalk  and 
Dr.  Rowe  intorms  us  that  he  takes  the  same  view. 

The  first  description  of  the  zones  composing  the  Middle  Chalk 
in  the  coast  sections  was  that  given  by  Professor  Barrois  m 
1876  C  Recherchee "  pp.  78  to  102).  The  district  was  re^ur- 
veved  bv  Mr.  Strahan  in  1888-00,  and  is  described  in  his 
memoir  on  the  "  Geology  of  the  Isle  of  Purbeck  and  Weymouth" 
(IHl)S).  In  this  he  I'ecognises  the  Melbourn  Rock  at  the  bise  of 
the  sUi^e,  and  for  its  upper  limit  he  takes  a  layer  of  gi'een  iM)ated 
iiodule«,  which  he  regards  as  the  equivalent  of  the  Chalk  Rock 
and  i)laces  at  the  base  of  the  Upper  Chalk.  This  layer  is  no  doubt 
the  equivalent  of  the  layer  which  has  been  called  Chalk  Rock  in 
the  Isle  of  Wight,  and  which  we  have  discussed  in  the  last  chapter. 

We  feel  Bui*e,  however,  that  the  true  base  of  the  Upper  Chalk  is 
to  be  found  rather  higher  up,  and  that  it  must  be  taken,  as  in  the 
Isle  of  Wight,  where  Micrasters  become  abundant  and  are  ai«oc- 
iated  with  Echmocorys  scutatus  as  well  as  Holaster  plaavus.  For- 
tunately these  coast  sections  have  been  studied  dining  the  presen- 
summer  (1899)  by  Dr.  A.  W.  Rowe  and  Mr.  C.  I).  Sherborn,  and 
their  c^ireful  collection  of  the  fossils  and  knowledge  of  the  zonal 
faunas  has  put  the  matter  beyond  doubt.  They  permit  me 
to  say  that,  so  far   as  the  Mupe  Bay  section  is  concerned,  the 
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base  of  the  zone  of  H.  planus  should,  in  their  opinion,  be  taken  at 
the  layer  of  flints  which  there  occui-s  15  feet  above  the  double  layer 
of  green-coated  nodules. 

Since  the  alx)ve  was  written,  Dr.  llowe's  description  of  the 
IDorset  coast  sections  lias  been  published,*  and  I  have  availed 
myself  of  the  information  it  contains. 

Stratigraphical  UErrAiLS. 

A  complete  section  of  the  Middle  Glialk  is  fm*nished  by  Ballard 
chff,  north  of  Swanage.  Combining  the  accounts  of  this  given  by 
Professor  Bairois  in  1876  and  by  Mr.  Strahan  in  1898  the  succes- 
sion appears  to  be  as  follows : — 

feet 
Upper  Cfialk,  with  many  flints  (see  Volume  III.). 

Chalk  without  flints,  massive  but  somewhat  lumpy, 
with  a  layer  of  hard  green-coated  nodules  at  the 

base  -        - about  20 

Hard  rough  and' lumpy  chalk ,»      G 

Smooth  thick- bedded  chalk,  with  partings  of  marl  -  „    60 
f  Rough  chalk,  becoming  nodular  below    -        -        -  .,    30 
Zone  of   I  Rough,  nodular  and  flaky  chalk,  with  sparry  joints 

Bh,     \     (Melbourn  Rock) 6 

Cuvieri.    Smooth  compajct  chalk  in  thin  beds  with    marly 

^     partings  -  -  «        •         6 


Terefn-a- 

tulina 

Zone 


128 

The  Melbourn  Uock  still  forms  a  well-marked  band  near  the  base 
and  from  the  chalk  which  oVerlies  it  Mr.  Rhodes  obtained  the  usual 
fossils  of  the  Rhynchondla  Cuvieri  zone,  the  only  species  of 
special  intei'est  being  Avimonites  Cunningtoiii.  The  section  is  often 
paitially  obscured  by  falls  and  shps,  so  that  it  is  difficult  to  mea- 
sure it  or  to  collect  from  it  in  detail.  Mr.  Bhodes  found  Tere- 
bratidina  gracilis  var.  lata  fairly  abundant  in  the  upper  20  feet 
of  chalk  l)elow  the  gi-een-ooated  nodules,  while  Holasier  planus 
was  common  above  that  layer  and  in  a  Imnd  of  rough  chalk  with 
sponge  remains.  At  the  top  of  the  rough  nodular  challc  he  found 
Micraster  corhovis,  Ter,  gracilis  var.  lata  and  Parosphcera  globularis^, 
and  he  did  not  find  anv  Micrastei-s  below  tliis  horizon. 

Of  this  locality  Dr.  Rowe  writes : — "  We  landed  near  Ballard 
Point  on  the  T.  gracilis  beds  and  found  a  wonderfully  air- 
weathered  section.  The  double  band^  of  yellow-green  nodules 
.  .  .  is  here  well  developed  and  is,  as  in  all  other  sections  on 
this  coast,  well  down  in  the  T.  f/racilis  zone.  This  cliff-face  was 
studded  with  fossils  and  it  is  the  only  exposure  in  this  zone  which 
yielded  a  good  list.  We  obtained  on  this  small  face  thirty-five 
species."  Among  those  mentioned  are  Cidaris  serrifera,  Penta- 
erinus  Agassizi,  Hemiaster  minimus,  Hdaster  iihinus,  Inoc- 
eramus  Cuvieri,  Turbo  gemmatus  and  the  Bryozoa  Homceosolen 
ruTnuLosthm  and  Dia^topoiu  oceani. 

*  Proc.  Geol.  Assoc.    Vol.  xvii.,  d.  1  (1901). 

+  In  the  Memoir  on  the  Isle  of  rurbeck  (p.  171)  these  fossils  were  by 
mistake  included  in  the  list  of  those  from  the  beds  below  the  green  nodules. 
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Mr.  Strahan  mentionfl  several  exposures  of  the  Melboum  Rock 
and  a  pit  near  Woolgarston  which  expoiBes  the  uppennost  nodular 
chalk  including  the  layer  of  green-coated  nodules,  and  from  this 
layer  Mr.  Rhodes  obtained  a  number  of  fossils.  He  lemarks  also 
that  "  A  good  section  [of  the  Middle  Chalk]  is  afforded  in  the  rail- 
way cutting  at  C^rfe  Castle,  though  the  freslily  exposed  surface 
does  not  exhibit  the  characteristic  asj)ect  of  the  various  rock-bands 
so  clearly  as  the  old  quarries ;  the  Chalk  Rock*  crops  out  on  the 
Ciist  side  of  the  cutting  74  yards  north  from  the  centi-e  of  the 
bridge  at  the  Manse."  At  this  place  the  total  tliickness  of  nodular 
chalk  from  the  layer  of  green  nodules  to  the  base  of  the  ITpjjer 
chalk  appeal's  to   be  only    15  i  feet. 

At  Knowle,  in  some  quarries  north-east  of  the  church,  Mi\ 
Strahan  saw  "*  massive  chalk  in  bands  of  1  to  8  feet  in  thickness, 
with  occasional  small  grey  cylindrical  flints  and  with  nodular  bands, 
resting  upon  about  30  feet  of  nodular  chalk."  The  latter  doubt- 
less Ijelongs  to  the  zone  of  Rhyiiehondla  Cuvieri  and  the  higher 
beds  to  the  Tere^fratvlina  7Ame.    Li  the  marl  pits  at  Knowle  Hill 

still  lower  beds  were  seen,  the  section  beuig  as  follows  :  — 

feet. 

Zone  of       /Hard  nodular  chalk       -        -        -  20 

Jill.  Cuvieri.    \Shaly  nodular  chalk         -        .        .        .  6 

Belemnitc       S  Chalk  and  marl  interbcdded  -        -        -        -       3 

Marl.  )Marl 12 

The  cliff  section  of  the  Middle  Chalk  in  Warborrow  Bay  is  described 
by  Mr.  Strahan  iis  not  easily  accessible,  but  the  beds  are  on  the 
whole  more  nodular  than  those  at  Ballard  cliff.  Tlie  layer  of  green- 
coated  nodules  can  be  reached,  and  there  is  15  feet  of  nodular  chalk 
above  it,  while  Ijelow  his  measurements  gave  a  thickness  of  113  feet 
to  the  base  of  the  nodular  chalk  in  the  zone  of  Bhync.  Cuvieri, 
but  below  this  thei*e  is  about  20  feet  of  clialk  which  is  not 
nodular,  consisting  of  smooth  homogeneous  chalk  in  regular  beds 
with  partings  of  greenish  marl.  Here,  therefore,  the  total  thick- 
ness of  Middle  Chalk  seems  to  1x5  148  feet ;  but  Dr.  Rowe  fomid 
it  imix)ssible  to  measm^e  the  section  in  1900. 

In  Mupe  Bay  the  beds  are  more  accessible,  Ijut  as  they  dip  north 
ward  at  increasing  angles  till  they  are  actually  vesical,  very  small 
l)ortions  of  them  can  be  reached  and  few  fossils  can  be  obtained. 
Mr.  Strahan's  account  gives  a  thickness  of  97  feet  from  the  top 
of  the  Belemnite  marl  to  the  lower  of  two  layera  of  green-iX)ated 
nodules.  Above  this  are  about  17  feet  of  nodular  chalk,  which 
must  l)e  included  in  the  2^ erd)ratuLiiia  zone,  and  these  thicknesses 
make  a  total  of  114  feet. 

Mr.  W.  Hill  took  some  measurements  here  in  1897  which  con- 

lu-m  those  of  Mi\  Strahan  and  make  the  succession  as  follows  :— 

feet. 
A  layer  of  flints  (base  of  Upper  Clialk). 
Rough  nodular  chalk  without  flints 16 

*By  this  term  Mr.  Strahan  means  the  layer  of  green  nodules  and  about 
2  feet  of  nodular  clialk  beneath  it. 
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Two  layen  of  green-coated  nodules,  with  Imrd  mui^h  iiudiil.tr 
chalk  between -       M 

Hard  nodular  white  chalk,  with  layers  vf  wliJK'  ikhIhIl'h  in  >■ 
darker  matrii -       -       -     10 

White  chalk,  bard,  but  rather  le«  nodular    -       -       -       -     2S 

Nodular  white  chalk  with  Inoeerumui  taytiloidei,  much 
smoothed  by  the  waah  of  the  sea,  but  having  a  bed  uf 
very  nodular  chalk  at  the  base    -        -        -        -       alio;it     38 

Hard  white  chalk  with  greenish  marly  partings  and  a  nodu- 
lar bed  rather  above  the  middle '2^ 

About    111 

Professor  BdiroiR  records  Eckiiwcorys  giiifiHS  (a  variety  of  E- 
seutatus)  from  the  nodular  chalk  Jjelow  the  Hint  layer,  but  neither 
Mr.  Khudex  nor  Dr.  Kowe  found  any  Ecliiiwciirys  in  tliiij  Umd, 
If  the  ti|)e<tiineii  found  by  I'rofessor  Barrois  wan  I'eally  Ecliiiuxvrys 
and  not  Holanter  it  must  be  a  very  rare  fossil  at  this  horizon. 


Fir..  7».— Sketch-map  of  Mupe  Bay. 
Scale,  MX  inches  to  a  mile. 

In  Lulworth  Co\g  the  upper  part  of  the  Middle  Chalk  is  not 
now  accessible,  although  IVofessor  Barroia  aeems  to  have  reatlied 
nearly  the  whole  of  it  in  1875.  The  following  notes  were  taken 
by  Mr.  Hill  in  1893 :  The  Ter^atvlina  zone  conaiatf  of 
))om*iwhat  rough  chalk  in   thick  beds ;    this    passes   down    into 
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rough  nodular  chalk,  breaking  with  an  uneven  fracture,  of  which 
between  30  and  40  feet  could  be  reached,  and  the  latter  rests  on 
about  25  feet  of  harder  and  more  nodular  chalk.  At  the  bottom 
of  this  chalk  Irwceramus  mytiloides,  Rhynchxyndla  Cuvieri  and 
Discoidea  minima  were  not  uncommon,  but  the  Inoceramus  was 
most  abundant  from  20  to  30  feet  up.  Between  this  nodulai* 
chalk  and  the  Belemnite  Marl  is  about  20  feet  of  hai'd  white  chalk 
with  greenish  veins.  It  was  not  easy  to  take  any  plane  as  a  line 
of  division  between  the  two  zones. 

Professor  Barrois  estimated  the  thickness  of  the  beds  which 
we  include  in  the  Middle  Chalk  at  40  metres  (which  is  ec^uivalent 
to  132  feet),  assigning  about  66  feet  to  each  zone.  In  1900  Dr. 
Howe  found  it  impossible  to  take  any  measurements  at  Lul worth. 

In  Man-of-War  and  Durdle  Coves  the  chalk  is  inverted,  crushed, 
and  compressed  to  such  an  extent  that  the  beds  cannot  be  measiu'ed. 
and  the  cliffs  are  only  interesting  as  affording  examples  of  slide- 
planes  and  other  incidents  of  overthruat  fauhing  (see  Fig.  75)  for 
an  account  of  which  the  reader  is  referred  to  Mi\  Strahan's  Memoir. 

Whitenose,  or  White  Nothe,  is  the  next  point  at  which  a  coni- 
i  plete  section   through  the  Middle  Chalk  is  displayed,  and   some 

j  account  of  it  was  given  b\'  Professor  BaiTois  in  1876  (RecheiTthes, 

!  p.  79).    He  was  then  able  to  ascend  the  cliff  by  a  path  which  no 

longer  exists,  and  which  led  up  to  the  Coastguard  Station. 

The  beach  on  the  east  side  of  the  promontory  is  only  accessible 
by  boat,  and  on  the  west  side  there  is  a  slope  of  landslij^s.  Tlie 
Chalk  is  dipping  eastward  at  angles  of  from  5°  to  8°,  and  Mr.  Strahan 
states  that  the  basement-l)ed  rises  from  the  Ijeach  alx>ut  300 
yards  east  of  the  ledge  formed  by  the  Chert  lieds  near  the  j)oint 
and  reaches  the  top  of  the  cliff'  280  yards  east  of  Holworth  House, 
while  the  bed  taken  bv  him  at  the  Chalk  llock  rises  about  740 
yaixls  east  of  the  ledge  and  reaches  the  top  of  the  chft*  GOO  yards 
west  of  the  Coastguard  Station. 

The  l)eds  at  the  junction  of  the  Middle  and  Upper  Chalk  apj)ear 
to  be  variable  in  their  as|3ect  at  thLs  locality,  for  Mr.  Strahan  givefi 
detailed  descriptions  of  them  at  two  different  spots,  which  differ 
considerably  from  one  another,  and  neither  of  them  agree 
vnih  Professor  Barrois'  account.  The  following  are  the  pai-tieu- 
lai's  given  by  Mr.  Strahan  of  the  beds  seen  in  a  fallen  mass  on  the 
east  side  of  White  Xothe  point. 

feet. 
Chalk  with  flints  ;  a  tabular  maas  of  flint  (2  to  6  inches 

thick)  at  the  bottom 

'Nodular  chalk  with  a  few  scattered  flints  -        -  15 
Two    layers  of   green-coated    nodules    seimrat^d    by 

Middle )     nodular  chalk 1  j 

Chalk.  ]  Nodular   chalk 2J 

Smooth  wliite  chalk  with  an  occasional  flint  -        -        -  6 

\Clialk  with  wavy  laminae  of  dark  marl         -       -       -  6 

This  series  of  lx»ds  seems  t^  correspond  very  closely  with  thai 
seen  in  Mupe  Bay,  the  tabular  flint  occurring  at  exactly  the  same 
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height  above  the  layers  of  green-coated  nodules,  so  that  probably 
this  flint  band  should  he  taken  as  the  real  bfwe  of  the  Upper  Chalk. 
Dr.  Rowe  visited  the  locality  in  1899,  and  found  no  difficulty 
in  getting  access  to  the  whole  of  the  Middle  Chalk  on  the 
eastern  side  of  White  Notlie,  or  in  estimating  the  thickness  of 
each  zone,  but  his  prime  object  being  to  distinguish  the  zones  he 
does  not  rive  complete  stratigraphical  details.  He  describes  the 
zone  of  Ithynchondla  Cuvieri  as  consisting  of  hard  nodular 
chalk,  and  makes  its  thickness,  measured  up  to  the  first  line  of 
flints,  76  feet.  His  zone  of  Ter,  gracilis  comprises  first  some  thick- 
ness of  "  less  nodular  "  chalk,  with  frequent  marly  layers,  then  a 
band  of  nodular  chalk  about  5  feet  thick  enclosing  layers  of  green- 
coated  nodules,  and  finally  a  certain  thickness  of  nodular  chalk. 
Tlie  total  thickness  of  the  zone  is  given  as  58  feet,  this  being 
measured  up  to  a  certain  layer  of  man,  above  which  the  fauna  of 
the  Holaster  planus  zone  comes  in. 

Combining  this  information  with  Mr.  Strahan's  note  of  the 
fallen  mass  it  would  seem  that  the  succession  at  White  Nothe 
may  be  formulated  as  follows  :— 

Upper  Chalk.    Zone  of  JIoL  planus,  feet. 

[  Nodular  chalk  with  a  few  scattered  flints         -        -        -    15 
Middle    I  N^^*'"  chalk  with  layers  of  green-coated  nodules  -        -      5 
p{   IL-     \  Snaooth  chalk  with  occasional  flints,  passing  down  into 
v^naiK.    I     rougher  chalk  with  a  laver  of  flints  at  the  base      -        -    38 

I  Zone  of  Ehynch,  Cuvieri',  nard  nodular  chalk  without  flints    76 

134 
Most  of  the  accessible  portions  of  the  cliff  are  much  battered  by 
the  waves,  but  from  a  bluff  of  the  chalk  above  that  >vith  the 
green  nodules,  Dr.  Rowe  obtained  a  fair  number  of  fossils. 

Fossils  from  the  Middlis  Chalk  of  South  Dorset. 
In  the  following  list  of   fasails  those  collected  by  Mr.  J.  Rhodes 
are  indicated  by  the  letter  X,  those  recorded  only  by  Dr.  Rowe  by  the 
letter  R,  and  a  few  found  only  by  Professor  Barrois  by  the  letter  B. 


Zone  of 

TerebratulinA  zone. 

^  Below 

In  &  aboTo 

Rhyiu  h. 

green 

frreen 

Cumeri. 

nods. 

nods. 

Pisces. 

Ischyodus  sp.   -        -        -       - 

— 

B 

— 

Ptychodussp.    -        -        -                .        . 

— 

— 

X 

Cephalopoda  and  Gasteropoda, 

Ammonites  [Acanth.]  Cunningtoni,  Sharpe. 

X 

— 

„         [Pachydiscus]  peramplus,  Mant. 

X 

— 

Solariella  gemmata  Sow.  (**  Turbo  ") 

— 

— 

X 

Lamellihranchiata. 

InoceramuB  Brongniarti,  Sow. 

X 

X 

X 

„          Cuvieri,    Sow, 

X 

U 

„          mytiloides,  Sow.  - 

X 

R 

— 

Lima  Hoperi,  Sow.  ----- 

— 

— 

B 

„    semisulcata,  Nilss,  -       -        -        - 

— 

X 

— 

Ostrea  curvirostris,  Nilss. 

X 

— 

— 

„      hippopodium,  NUss, 

X 

R 

R 

„      normaniana,  d'Orh, 

X 

R 

R 

„      vesicularis,  Lam,  -       -       -       - 

— 

X 

^v 
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Zone  of 

TerebrmttUina  jsooe. 



Below 

In  &  aboYe 

Rhtfnch. 

green 

green 

Cuvifri. 

nody. 

n 

nods. 

Pecteii  creiosus,  Defr,      -        -        -        - 

— 

R 

Spoiidylua  diiteinpleaniLs,  d'Urh,     - 

— 

•, 

*. 

„        latus,    Sow.     -        -        -        - 

— 

\ 

R 

„        spiuosus,  Sow, 

— 

X 

X 

Teredo  amphisbicna,  GoUlf.     - 

— 

- 

X 

Brachu^xxla. 

Kliyiichonella  Cuvieri,  dVrb.  - 

X 

X 

X 

„           plicatiliS;  Sow.   - 

X 

X 

X 

„           reedensis,  Eth.   - 

R 

R 

R 

Terc  bra  tula   biplicata,   Sow.    - 

X 

— 

X 

„          carnea,    Sow. 

R 

] 

X 

„          semiglobosa,    Sow. 

X 

X 

X 

Terebratulina    gracilis,    var.  lata,  Eth. 

X 

X 

X 

„           striata,  Wahl.    - 

— 

X 

X 

Bryozoa. 
Eschara  Lamarki,  ffag.    -        -        -        - 

— 

— 

R 

Diastopora  Oceani,  (jTOib-  (Reptelea) 

— 

— 

R 

Homoeosolen  ramulosus   -       -        -        - 

— 

— 

R 

Membranipoi'a  sp. 

— 

— 

R 

Annelida. 

Serpula  ampullacea,  Sow. 

— 

R 

- 

„        annulata  1  Beuss 

— 

— 

X 

„       ilium,  Sow.          .       -        -        . 

— 

— 

R 

Echinodeniui  ta. 

Bourgueticrinus  sp.         .       -       .        . 

X 

X 

- 

CarHiaster  sp. 

R 

— 

- 

Cidaris  clavigera,  Kcenig 

— 

— 

X 

„       hirudo,  Sorig. 

R 

R 

— 

„       serrifera,  Forbes 

R 

- 

R 

Cyphosoma  radiatum,  Sorig.  - 

— 

■~ 

X 

Discoidea  Dixoni,  Forbes 

X 

X 

„      subuculus  1  Klein 

X 

- 

Echmocorys  scutatus,  Leshe    - 

— 

Bl 

Gralerites  castanea,  Bronqn. 
„         subrotundus,  Mant. 

R 

— 

— 

X 

X 

X 

Heiniaster  minimus,  Ag. 

X 

R 

- 

Holaster  planus,  Mant.  -        -        -        - 

— 

— 

1 

Micraster  corbovis,  Forbes 

— 

X 

X 

„         Leskei,  Desm.    -        -        -        - 

— 

B  1 

X  ? 

„         prsecursor,  Rmoe 

— 

R 

— 

Ophiura  sp. 

— 

R 

- 

Pentacrinus  Agassizi,  Ilag. 
Salenia  granulosa,  F&ibes 

— 

— 

R 

— 

R 

^^  • 

Actinozoa 

Paragmilia  sp.                  .... 

— 

— 

X 

Spongida      -        -        - 

— 

Cliona  cretacea,  Poitl.     r       -        -       - 

R 

R 

Craticularia  Fittoni,  Mant. 

R 

R 

- 

Guettardia  stellatA,  Afich.        -       .       - 

— 

R 

— 

Plocoscyphia  convoluta,  Smith 

R 

- 

R 

Porosphaera  globularis,  FhiL  -       - 

X 

X  ■ 

.X 

„           urceolata,  Phil.     - 

X 

- 

- 

Ventriculites  cribrosus,  Phil.  - 

— 

R 

- 

„            mammiUaris,  Smith  - 

— 

- 

R 

,,             radiatus,  Mant.  • 

— 

R 
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CHAPTER  XXXID. 

THE    MIDDLE    CHALK    IN    THE    INLAND    PARTS    OK 
DORSET,  SOMERSET,  AND  DEVON. 

The  Chalk  ai*eas  of  Dorset,  Somei-set,  and  Devon,  once  of  couise 
a  continuous  tract,  are  broken  up  toward  the  west  into  a  series 
of  outliei-s,  and  the  Middle  Clialk  does  not  enter  into  all  of  these, 
though  it  occui-s  in  all  three  counties.  Thus  they  may  Ije  con- 
veniently treated  in  one  chapter,  but  we  shall  keep  the  account 
of  the  Dorset  areas  separate  from  that  of  those  in  Somerset 
and  Devon. 

North  and  West  Dobskt. 

The  main  outcrop  of  the  Middle  Chalk  enters  Dorset  about 
two  miles  south  of  Shaftesbury,  passes  southward  along  the  slope 
of  the  escarpment  to  the  valley  of  the  Stour  at  Stourpaine  and 
thence  westward  as  far  as  the  Chalk  extends  tluough  the  country. 
Along  the  northern  side  of  the  Dorchester  basin,  however,  it 
often  occupies  the  top  of  the  escarpment  ridges,  passing  thence 
into  the  valleys  which  drain  southward  and  running  down  them 
for  several  miles  before  disappearing  beneath  the  Upper  Chalk. 

Its  thickness  in  the  northern  part  of  the  county  is  about  lOU 
feet,  and  atout  the  same  in  the  west  on  Toller  Downs,  but  near 
Maiden  Newton  it  appears  to  be  rather  less  (?  between  70  and  80.) 

Melbourn  llock  of  the  usual  character  continue^s  to  form  the 
base  of  this  division  as  far  as  Melcoinbe  Bingham,  but  west  of  that 
a  l)ecl  of  hai'd  smooth  chalk  comers  in  between  the  Belemnite 
marls  and  the  base  of  the  Melbourn  Rock.  This  thickens  to 
the  westward,  and  swells  out  in  places  to  12  or  14  feet,  the  Mel- 
bourn Rock  at  the  same  time  losing  its  specially  massive  and  rocky 
character  and  becoming  merely  a  rather  haid  nodular  chalk. 
The  smooth  chalk  is  evidently  the  equivalent  of  that  which 
occupies  the  same  position  in  South  Dorset. 

Good  exposures  are  not  very  numerous,  and  we  shall  mention 
such  as  exist,  taking  them  from  east  to  west,  without  sub-division 
into  zones. 

STRATIGRAPmCAL  DETAILS. 

The  outcrojj  of  the  Melbourn  Rock  can  be  found  in  many  of 
the  roadways  leading  up  the  slope  of  the  escarpment  between 
Melbury  HUl  and  the  valley  of  the  Stour.  It  is  well  exposed  in 
the  road  east  of  Sutton  Waldron  at  a  height  of  about  450  feet 
above   O.D.,  hard    nodulai^    lock   with    greenish   stainp    resting 
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directly  on  a  thin  layer  of  buflF-coloured  marl  and  overlain  by 
solid  white  limestone  with  few  nodules.  The  uppiBr  part  of  it, 
passing  up  into  yellowish  nodular  chalk  containing  Inoceramus 
myfiloideSy  can  also  be  seen  in  a  quarry  in  the  plantation  a  quarter 
of  a  mile  east  of  Shroton  church. 

Tlie  best  section,  however,  in  this  district  is  in  a  quarry  about 

a  third  of  a  mile  south-south-east  of  Okeford  Fitzpaine,  and  it  is 

remarkable  as  exhibiting  a  conglomei*atic  bed  at  the  top  of  the 

MellK)urn  Rock.    The  beds  seen  are  : — 

ft.  in. 
Hard  white  chalk,  much  broken,  shaly  at  the  base    6    0 
Hard  yellow  conglomerate  (6  inches),  consistin&r  of 
chalk  (lebbles  in  shelly  calcitic  matrix,  passing 
down  into  hard  rough  nodular  chalk   -        -        -    3    0 
Several  beds  of  firm  white  chalk,  with  hard  yellow- 
Middle  J       ish  nodules,  sei)arated  by  layers  of  grey  shaly 

Chalk.     \       chalk 5    0 

Very  nodular  hard  chalk 13 

Loose  nodular  chalk  between  two  layers  of  grey 

shale 0    9 

Massive  rough  and  hard  nodular  chalk,  with  yellow 

stains  round  the  nodules 4    0 

Smooth  bedded  chalk 0    9 


I^wer     I 


Chalk. 


Thin  layer  of  grey  marl 0    3 


\    1  nui  layer  ui  grev  iiiari   -          -          •          -         •          -     v     o 
I  Blocky  greyish -white  chalk 8    0 


29    0 


The  Middle  ( 'halk  crops  out  again  on  the  southern  side  of  Okeford 
Hill  and  forms  an  inlier  in  the  Tm^nworth  Valley,  which  runs 
southward  to  and  beyond  Houghton  Winterborne,  where  Inoceror 
mus  mytiloides  has  been  found  by  Mr.  Mansel  Pleydell. 

To  the  south-west,  between  Milton  Abbas  and  Alton  Pancras, 
its  boundaries  have  been  mapped  by  Mr.  C.  Reid,  and  are  shown 
on  the  recently  issued  map  (Sheet  328,  New  Series).  Its  outcrop 
lies  for  the  most  part  along  steep  slopes  and  nowhere  occupies 
any  great  breadth  of  ground. 

The  following  information  is  from  notes  suppUed  by  Mr.  Reid*  : 
The  ridge  between  Hilton  and  Melcombe  Bingham  is  capped  by 
Middle  Chalk,  which  is  exposed  in  a  large  quarry  by  the  road-side 
half  mile  north-east  of  MelcomlDe  ;  here  about  30  feet  of  nodular 
chalk  (including  the  Melbourn  Rock)  rests  on  smooth  (Lower)  chalk. 

In  the  Plush  and  Piddletrenthide  Valleys  the  Middle  Chalk 
occupies  a  rather  wider  space,  and  is  exposed  in  several  sections 
at  the  latter  place ;  north-east  of  the  church  a  pit  shows  35  feet 
of  hard  chalk,  with  a  foot  or  two  of  yellow  rooky  chalk  at  the  top, 
which  is  probably  not  far  below  the  Chalk  Rock. 

The  Melbourn  Rock,  underlain  by  a  two-foot  bed  of  smooth 
yellowish  chalk,  is  exposed  in  a  lane  half  a  mile  north  of  Alton 
Pancras  and  again  in  the  lane  south  of  Bookham  (see  p.  115). 
- — ■ — ■ — — —  ' 

*See  also  "  The  Geology  of  Dorchester,"  Mem.  Geol.  Survey,  by  C.  Reid, 
1899,  p.  8. 


426  THE  CRETACEOUS  ROCKS  OF   BRITAIN. 

In  the  Cerue  Valley  the  Middle  Chalk  oc<Mipiee  a  narrow  baiid 
on  the  ateepeat  pari  of  tin*  slope  on  each  side  of  the  valley  fi"uin 
Nether  Cerne  northwards.  It  rises  gradually  to  higher  levels 
till  it  conies  to  form  the  iipix^*  pai*t  of  the  high  ridges  which  form 
promontories  on  Ijoth  sidt^  of  the  ncjrthei-n  entrance  to  the  valley. 
Hei'e,  however,  its  surface  is  coinealed  by  the  overlap*  of  the  Clay 
with  flints. 

It«  thickness  is  still  about  100  feet,  and  the  hard  i-ocky  beds  at 
its  liase  and  summit  can  1x3  i*eadily  ti-aced  along  the  valley  side^, 
but  expjsm-es  of  any  dei)th  ai'e  few.  The  lowest  beds  can  be 
seen  in  the  quarries  on  (Jiants  Hill  near  Ceme,  but  are  much 
weathered  and  pai  tly  covered  by  talus.  At  the  base  are  4J  feet 
of  smooth  sti'eaky  yellowish-grey  chalk,  hard  at  the  top  but 
softer  below.  This  is  suc<5eeded  by  beds  of  rough  whitish 
and  somewhat  nodular  chalk,  alternating  with  bands  of  soft 
grey  marl  enclosing  small  lumps  or  nodules  of  white  chalk. 
The  liarder  beds  average  18  inches  in  thickness,  the  marl  beds 
from  3  to  12  inches,  and  the  whole  is  between  7  and  8  feet  thick 
overlain  by  white  chalk,  which  breaks  into  small  angular  pieces. 

In  the  valley  of  the  Frome  the  basset  surface  of  the  Middle  Chalk 
forms  a  continuous  tract  along  the  eastern  side  from  the  hill  above 
Frome  St.  Quentin  to  Ci-ockway.  between  Maiden  Newton  and 
Frampton.  Its  thickness  here  is  less,  not  more  than  80  feet  inter- 
vening Ijetween  its  base  and   the  lowest  lx?d  of  Chalk  Kock. 

It  forms  a  similar  narrow  Imnd  on  the  flanks  of  the  hills  south 
and  west  of  Maiden  Newton,  running  into  and  all  roimd  the  Wyn- 
ford  and  West  Compton  Valley. 

At  Cruxtou  the  lower  beds  are  expix^ed  in  two  small  pits  south 

of  the  farmstead.    The  lower  one  shows  the  following  beds:  — 

feet 
Hard  wliite  chalk,  weathering  into  large  lumps,  but  not 

nodular 3 

Layer  of  soft  marly  chalk,  about  4  inclies. 

Hard   nodular  rock,  weathering  into    nodular   lumps,  sonic 

of  which  are  green-coated       -  -  .        .        -        -     4 

Hard    nodular  rock,   with    RhynchoneUa   Cuvien\  marked 

off  by  divisional  planes  above  and  below        -        -        -    3^ 
Hard  rocky  chalk,  with  a  few    green-coated  nodules  -    1 

Hard  white  blocky  chalk  seen  for    -        -        -        -        -  7 

The  two  beds  of  nodular  rock  (7^  feet)  seem  to  represent  the  Mel- 
bourn  Rock.  Thinking  the  soft  grey  Belemnite  marl  could  not  be 
far  b^low  the  floor  of  the  quarry,  I  had  a  hole  simk,  but  this  was 
dug  5J  feet  in  hard  white  chalk  without  reaching  it.  At  2  feet 
down  the  base  of  a  Ix^d  was  nodular  and  had  some  fossils,  llhyji' 
chondla  Cumeri  and  an  obscure  fragment  of  an  Ammonite,  but 
nothing  which  was  conclusive  as  to  the  zonal  horizon  of  the 
material.  There  is  here  more  than  13  feet  of  firm  bedded  white 
chalk  below  the  nodular  chalk  of  the  lihyiich.  Cuvieri  zone. 

The  upper  pit  is  a  shallow  one,  only  showing  about  6  feet  of 
yellowish  nodular  chalk  with  Inoceramns  miffiloid^s. 
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The  cart  track  which  leaxls  up  to  Hill  Bam  fi*oni  near  the  upper 
pit  i«  cut  Koiuewhat  into  the  hill,  and  the  following  ascending  suc- 
cession can  1)6  traced,  stiii-tiiif^  from  aljout  5  feet  above  the  level 
of  the  pit,  but  the  thicknesses  given  ai'e  approximate  only  :  — 

Chalk  Rock  and  Upper  Chalk. 

Hard   greyish   nodular  chalk,   with    Holasler  planus  and 

Terebratula  semiglobosa about  6 

Layer  of  soft  grey  marl. 

Smooth   blocky  chalk,   Terebratulina  gracilis  var.  lata      „       2 

Loose  chalk,  with  hard  nodular  lumps  and  a  yellowish  rocky 

bed  in  the  middle,  Spondylus  spinosus  -  -  -  „  2j 
Bedded  chalk  full  of  Terebratulina  -  -  -  -  „  l| 
Whitish  lumpy  chalk  passing  up  into  greyish  nodular  chalk 

with    RhynchoTiella    Cuvieri >i       '^ 

Greyitfh-white  chalk »       1 

Hard  nodular  chalk  with  yellow  stains  ----,;       1 
Soft  chalk  full  of  T'erehratulina  with  also  Terebratula  semi- 
globosa and  small  Rhynclvonella  Cuvieri  -        -        „     ^^' 
Soft  greyish  chalk,  enclosing  harder  lumps          -        -        „       5 

33 

The  TerAratulina  zone  is  evidently  full  of  its  two  most 
characteristic  fossils  at  this  locality,  and  it  appeal's  to  be  only 
alx)ut  33  feet  thick,  but  probably  the  beds  seen  have  slipped  some- 
what down  the  slope  over  the  Eh.  Cumeri  zone  ;  of  the  latter,  the 
npparent  thickness  is  more  than  35  feet;  in  all  pi'obability  there 
is  at  least  80,  and  possibly  90,  feet  of  Middle  Clialk  here. 

The  Melbourn  Rock  is  seen  in  the  Umekiln  at  Shatcombe,  2  miles 
south-west  of  Maiden  Newton,  where  the  succession  is  as  follows  :  — 

feet. 

r  Hough  nodular  chalk  -  -  .  -  8 
Middle  Chalk   J.  Beds  covered  by  talus     -        -        -        -      4 

I  Hard  smooth  whitish  chalk     -        -        -      4 

I  nu  n     /Belemnite  Marl 5 

Lower  l^iialk   \ Firm  greyish  blocky  chalk       -        -        -      5 

In  tlie  outlying  tract  of  chalk,  which  lies  between  the  valley  of 
the  Fronie  and  the  head  of  the  Axe  Valley  north-west  of  Beaminster, 
Middle  Chalk  occupies  a  considerable  area,  but  is  in  most  places 
covered  and  concealed  by  the  "  Clay  with  flints." 

The  section  at  the  top  of  the  large  quarry  west  of  Maiden  Newton 
has  been  given  on  p.  115. 

In  the  wood  south-west  ot  Higher  Wraxall,  and  north-west 
of  Maiden  Newton,  there  is  a  quarry  about  100  feet  above  the 
base  of  the  chalk,  and  consequently  at  a  level  where  the  junction 
of  Lower  and  Middle  Chalk  should  be  exposed.  The  beds  seen 
are  as  follows : — 

Gravelly  soil.  feet. 

Hard  nodular  shelly  chalk  with  Inoceramus  mytiloides         •       5 
Hard  chalk,  nodular  at  the  top,  but  passing  down  into  tough 

smooth  blocky  chalk -       10 

Greyish- white  chalk,  rather  loose  and  full  of  small  rounded 

nodules  of  whiter  chalk,  base  hklden  by  talus ;  seen  for  about      IQ 
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There  was  no  sign  of  the  Beleninite  Marls  anywhere,  nor  could 
I  iind  any  fossils  except  the  one  mentioned.  The  succession 
recalls  that  of  Cruxton. 

Near  Pinnys  Toller,  or  Toller  Whelme,  as  it  is  called  on  the  new 
Ordnance  maps,  the  whole  thickness  of  the  Middle  Chalk  oomen 
out  from  beneath  the  capping  of  clay  with  flints,  and  parts  of  it 
are  exposed  in  old  quarries  by  the  main  road  north  of  Toller  leading 
to  Hill  Barn.  On  the  right  hand  side  of  the  road,  just  above  the 
600  feet  contoiu*,  hard  nodular  chalk,  which  resembles  weathered 
Melboum  Rock,  overlies  softer  blocky  chalk.  At  aljout  650  feet 
is  a  quarry  in  firm,  homogeneous  white  chalk,  with  small  Rhyii^ 
cJiApnella  Cumeri  and  Terd)ratulina  gnicilis  var.  /afa,  while  just 
at  the  700  feet  contour  are  old  quarries  m  Clialk  Rock,  so  that 
here  there  seems  to  be  nearly  100  feet  of  Middle  Clialk. 

No  good  exposm'e  of  Middle  Clialk  was  found  iioi-th  of  Beamiiister, 
nor  near  Cheddington,  but  the  base  of  the  division  wjis  seen 
in  a  quarry  near  Corscombe  (see  p.  117). 

Somerset  and  Devon  (inland). 

The  outliers  of  Chalk  which  occur  near  Crewkerne  and  Cliard, 
and  the  othei-s  fmliher  west  between  Chardstock  and  Honiton, 
have  been  mentioned  on  p.  117.  Several  of  these  tracts  are  capped 
by  still  smaller  outliers  of  Middle  Chalk.  Thus  between  Crewkerne 
and  Chard  there  is  a  small  tract  of  this  chalk  on  Lady's  Down,  its 
base  occurring  at  a  height  of  about  730  feet ;  and  there  is  another 
north  of  Cricket  St.  Thomas  brought  in  by  a  fault  which  has  a 
downthrow  to  the  west  of  60  or  70"  feet. 

South  of  Chard  are  two  small  tracts  of  Middle  Chalk,  each  of 
them  being  faulted  down  on  two  sides  against  Lower  Chalk,  and 
on  the  hill  west  of  Chard  is  an  outlier  about  1\  mile  long  by  three- 
quarters  of  a  mile  wide.  Near  Combe  St.  Nicholas  is  a  small 
triangular  tract  of  Middle  Chalk  and  Chalk  Rock  let  down  into 
the  valley  far  Ijelow  its  normal  level  lietween  three  lines  of  fault, 
the  vertical  displacement  on  its  eastern  side  being  over  300  feet. 

On  the  high  ground  north-west  of  Combe  there  is  another  area  of 
Middle  Chalk  which  probably  occupies  some  space,  though  it  is 
partly  covered  by  clay  with  flints.  It  caps  an  outlier  of  Lower 
Chalk,  and  also  includes  a  tract  of  Chalk  Rock,  the  base  of  \\  hich 
nms  from  800  to  730  feet  above  sea  level. 

Near  Membmy,  north  of  Axminster,  a  powerful  fault  lets  in  a 
long  narrow  tract  of  Chalk,  part  of  which  consists  of  the  Middle 
division. 

Lastly,  near  Widworthy,  east  of  Honiton,  another  tract  of  such 
chalk  is  brought  in  by  a  similar  fault,  and  this  consists  entirely  of 
Middle  Chalk  resting  on  the  arenaceous  representative  of  the  Lower 
Chalk  or  Cenomanian. 

The  chalk  seen  at  the  places  above  mentioned  includes  repre- 
sentatives of  the  zones  of  RhynckoTidla  Cumeri  and  Terebr(Uylina., 
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The  total  thicknesB  ezistmg  at  auy  place  is  probably  not  more 
than  80  feet,  but  no  actual  measui'einents  could  be  obtained. 

It  will  be  convenient  to  describe  first  the  sections  near  Crewkern© 
and  Chard,  then  those  at  Membury,  and  finally  that  near  Wid- 
worthy. 

Crewkeme  and  Chard 

There  are  no  good  sections  between  Crewkeme  and  Chard, 
though  the  road  cutting  on  St.  Rayn  Hill  must  originally  have 
shown  a  clear  face  of  this  zone  and  its  junction  with  the  Lower 
Chalk.  Hai'd  nodular  chalk,  like  Melboum  Bock,  can  be  seen  in 
the  Imnk  at  a  level  of  between  730  and  740  feet,  and  higher  up 
there  is  some  tough  yeliowish-wliite  chalk  mottled  wdth  gi*ey, 
contiiining  many  Inoceramvs  mytUoide^ ;  still  higher  thei'e  is 
firm,  compact  white  chalk. 

On  Snowdown  Hill,  west  of  Chard,  the  Middle  Chalk  is  at  a  high 
level,  its  base  being  probably  at  about  060  feet,  and  the  top  of  the 
liill  being  over  700  feet.  On  the  western  slope  of  the  hill  and  at  a 
lower  level  there  is  a  larger  area  of  Middle  Chalk  brought  in  appa- 
rently by  a  fault  which  rims  nearly  north  and  south. 

On  the  south  side  of  the  main  road,  where  the  sm^ace  level  is 
about  030  feet,  is  a  large  old  quarry.  It  is  not  now  worked,  and 
the  only  visiVJe  face  showed  about  15  or  16  feet  of  firm  bedded 
chalk  with  several  layers  of  nodidar  chalk  and  a  few  scattered 
Hints,  which  ai-e  solid  and  black  inside,  with  a  thick  rind.  The 
nodular  layers  give  a  bedded  appearance  to  the  chalk,  and  one  of 
them  has  a  pink  tinge  in  places.  Inoceramus  mytiloides,  Rliyiir 
ck(/nella  Cuvieri,  and  Terebratvla  semiglobosa  were  conmion. 
Dr.  Spicer,  of  Chard,  also  possesses  a  number  of  Galeritrs  sub- 
rot  umlus  which  probably  came  from  this  quarry.  Evidently  the 
chalk  here  belongs  to  the  highest  part  of  the  Rhync.  Cuvieri  zone, 
and  it  shows  a  shght  dip  to  the  south-east. 

Further  on,  to  the  north  of  the  road,  and  just  below  the  600  feet 
contour,  is  a  smaller  quarry  in  beds  which  are  not  far  above  the 
Melbourn  Rock  ;  near  the  top  is  a  markedly  nodular  layer  in  which 
a  very  large  Ammonite  was  embedded,  broad  and  almost  nautiloid 
in  shaiJe ;  around  and  inside  this  the  chalk  was  brecx^iated  or  con- 
glomeratic, lilve  that  at  Okeford  (see  p.  425).  Inoceramns  mytUoides 
and  Rhynchonella  Cuvieri  were  also  found  here. 

At  White  Staunton,  3  miles  north-west  of  Chard,  a  small  tract 
of  chalk  is  faulted  down  between  tracts  of  Upper  Greensand,  and 
a  quarry  in  this  south  of  the  chiu'ch  showTs  a  few  feet  of  firm  white 
chalk  with  some  nodular  lumps  in  the  upper  pait.  Inoceramus 
mytUoides  is  fairly  conunon ;  two  small  Rhynchondla  Cumeri  and  an 
Ostrea  curvirostris  were  also  found,  but  no  flints,  so  the  horizon 
is  probably  about  the  middle  of  the  Rk.  Cuvieri  zone. 

South  of  Chard  a  tract  of  Middle  Chalk  comes  in  between 
Forton  and  Chardstock  House.  A  quarry  less  than  half  a  mile 
west  of  Forton  exposes  hard  nodular  chalk  (apparently  the  top  of 
\he  Melbourn  Rock),  passing  up  into  looser  nodular  chalk  which 
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is  crowded  with  tdiells  of  Iiwceramu^  mytiloides.  The  outcrop  of 
the  rocky  chalk  makes  a  fairly-marked  feature  which  can  be  tiaeed 
southward  toward  Tatworth,  and  there  is  another  large  but  rather 
shallow  quarry  opposite  Tatworth  vieui*age,  whei-e  12  to  14  feet 
of  similar  Ijeds  are  exposed,  but  in  ^  moi-e  broken,  weathei-ed  and 
rubbly  wndition.  Tliis  chalk  is  cut  off  by  a  fault  a  little  south  of 
the  quarry,  which  brings  the  Upper  Greensand  up  to  its  level. 

Middle  Chalk,  however,  comes  in  again  on  the  high  gromid 
north-east  of  CJhardstock,  and  is  exposed  in  a  small  pit  on  the  east 
side  of  the  lane  about  two-thii'ds  of  a  mile  north-east  of  the  chmrh. 
This  exposure  is  small,  but  is  noteworthy,  because  I  obtained  from 
it  a  specimen  of  Am.  [Acantltoceras]  nodosoides,  a  species  which  is 
not  very  common,  and  has  only  been  found  in  the  zone  of  Rhyn- 
clvandla  Cuvieri, 

I  did  not  find  any  exposure  of  chalk  neai*  Chard  which  I  could 
I'efer  with  certainty  to  the  Terebratidma  zone,  except  on  the 
hill  north-west  of  Combe,  where  a  pit  shows  the  tose  of  the  Chalk 
Bock  imderlain  by  three  feet  of  nodular  chalk  passing  down  into 
massive  chalk.  There  are  several  small  pits  in  the  area  west  of 
Chard  which  expose  soft  white  chalk  possibly  belonging  to  this  zone. 

Meinbury, 

Another  inland  locaUty  still  further  west  where  Middle  Chalk 
occurs  is  Membury,  a  viUage  about  4  miles  N.N.W.  of  Axminster. 
Here  in  the  lane  west  of  the  chiu*ch  and  in  the  bank  of  a  little  garden 
hai'd  nodular  chalk  like  Melboiu'n  Bock  was  seen,  and  just  beyond 
is  a  quarry  in  the  Middle  Chalk  containing  Rhynchxmella  Cuvieri, 
Terebratvla  semiglobosa,  and  many  fragments  of  Inoceramva. 

In  the  next  lane  to  the  northward  hard  nodular  chalk  crops 
out  at  about  440  feet,  chalk  with  Inoceramus  mytiloides  was  seen 
at  470  feet,  soft  white  chalk  at  535,  and  hard  lumpy  chalk  at  about 
555  feet ;  a  piece  of  the  last  was  sUced  and  examined  by  Mr.  W. 
Hill,  who  reported  that  it  resembled  chalk  occiu'ring  elsewhere 
just  below  the  Chalk  Bock.  Clay  with  flints,  however,  comes  on 
just  above  this  point,  and  that  Bock  if  present  is  concealed.  The 
difference  of  level,  however,  seems  to  indicate  a  thickness  of  more 
than  100  feet  for  the  Middle  Chalk  here,  an  increase  of  thickness, 
which  is  borne  out  by  the  coast  sections. 

By  the  next  lane  nmning  north-west  toward  Furley  there  Ls  an 
old  quarry,  at  the  top  of  which  a  few  feet  of  rubbly  chalk  is  exposed, 
containing  iTuoceramus  mytiloides  and  Bhynchonell<i  Cuvieri. 

Widworthy  and  Wil7ningt(yn. 

The  outlier  west  of  Widworthy  and  the  smaller  one  north  (;f 
Wilmington  are  shown  on  the  map  (Fig.  30,  p.  126),  and  the  section 
in  the  sand-pit  near  Wilmington,  showing  the  basement  beds  of 
the  Middle  Chalk,  has  been  given  on  p.  127. 

There  ai*e  some  old  chalk  quarries  in  the  park  east  of  Widworthy 
Coiut,  and  Mr.  A.  Marwood  Elton,  of  the  Coiul;,  informs  me  that 
freestone  was  quarried  from  them  as  well  as  from  the  Sutton  quaiTies 
half  a  jxiile  further  south. 
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This  freestone  is.  a  bed  in  the  lowest  part  of  the  Middle  Chalk, 
and  is  apparently  identic*4il  in  character  and  position  with  that 
occurring  at  Beer,  near  the  coa^it,  and  known  as  Beer  Stone.  It 
consists  principally  of  small  f ragmen te  of  shell  set  in  a  chalky  matrix, 
and  cemented  by  calcite  into  a  haT3,  gritty  stone,  which  cute  freely 
in  any  direction  when  freshly  quarried.* 

No  expos\u*e  of  the  freestone  was  visible  when  I  visited  Wid- 

worthy  in  1897,  but  I  wa*s  informed  by  a  mason  (Mr.  I).  Hooper) 

who  had  worked  in  the  large  Sutton  quarries  that  the  succession  of 

beds  there  was  as  follows :  — 

feet. 

Flint  rubble  at  the  top 4-6 

Soft  white  chalk .        .        _  io-30 

Hard  chalk about  20 

Freestone „  6 

Soft  chalk  with  green  grains       ...        -           ^^  5 

Hard  cockly  chalk                .        .        .        .        .            ^^  2 
Grizzle  at  the  bottom  (see  p.  126). 

A  foot  or  two  of  the  soft  white  chalk  coidd  be  seen  near  the  top 
of  the  quarry  above  the  limekiln,  and  had  the  character  of  the 
chalk  of  the  Terebratidina  zone.  I  had  the  talus  cleared  away  from 
the  lowest  face  of  the  quarry  by  the  side  of  the  limekiln,  and  dis- 
closed about  18  feet  of  rather  hard  chalk,  lumpy  in  places  and  con- 
taining Inoceramvs  mytiloides,  mostly  as  broken  shells ;  this 
evidently  belonged  to  the  zone  of  Rhynchonella  Cuvieri,  and  in 
another  part  of  the  quarry  Mr.  Rhodes  obtained  that  RhynchovAlu 
with  iTWceramus  mytUoides  from  similar  chalk. 

The  base  of  this  hard  chalk  was  not  reached,  as  a  large  block  of 
inferior  freestone,  a  hard,  shelly  chalk,  lay  below,  but  this  and  the 
better  freestone  was  probably  in  place  near  by. 

*  Dr.  Hinde  has  kindly  made  slides  from  samples  of  the  Beer  Stone  and 
Sutton  Stone  which  I  sent  to  him,  and  has  informed  me  that  the  two 
stones  have  the  same  microscopic  structure  (see  p.  504.) 
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CHAITER   XXXIV. 
THE  IRDDLE  CHAI^   OF  THE  DEVONSHIRE  COAST. 

Gi-^NERAL  Description. 

The  outlying  patches  of  Chalk  which  are  intersected  by  the  coast- 
line of  Devonshire  include  a  considerable  thickness  of  Middle  Chalk. 
The  fine  cliffs  of  Pinhay  and  Whitlands,  and  the  still  bolder  walls 
of  Beer  Head,  consist  almost  entirely  of  this  Turonian  Chalk,  foi% 
as  stated  on  p.  126,  the  representative  of  the  Lower  Chalk  is  inmost 
places  only  a  few  feet  thick.  The  Middle  Chalk,  on  the  other  hand, 
is  well  developed  and  is  actually  thicker  than  it  is  in  the  west  of 
Dorset,  having  near  Beer  a  thickness  of  140  feet. 

TJie  Zone  of  JRhynchondla  Cumsri  varies  much  in  thickness,  being 
between  50  and  60  feet  near  Lyme  B^is  and  35  at  Beer  Harbom*, 
thinning  to  only  15  at  Beer  Head  and  disappearing  altogether 
for  a  space  in  Hooken  Cliffs,  where  the  Terebrdtidiiui  zone 
rests  directly  on  the  coarse  sandstone  of  the  lowest  Cenomanian 
stratum.  The  lower  zone  comes  in  again  to  the  westward,  how- 
ever, and  in  Berry  CUff  it  regains  a  thickness  of  38  feet.  At  Dims- 
oombe  it  forms  the  most  westerly  patch  of  chalk  in  England. 

There  is  no  regular  bed  of  Melbourn  Bock  at  the  base  of  the  zone, 
the  lowest  bed  being  everywhere  a  hard,  rough,  gritty  limestone 
containing  grains  of  quartz  and  glauconite,  but  above  tfiis  there  is 
generally  a  l)ed  of  chalk  full  of  hard  yellowish  nodules  like  those 
in  Melbom'n  Rock.  It  is  probably  the  equivalent  of  that  rock  in 
a  looser  and  less  consolidated  form. 

The  Beer  Stone  is  a  local  development  of  shelly  chalk  in  this  zone. 
Mr.  Whitaker  was  the  first  to  describe  it  as  actually  pai't  of  the 
Chalk,  and  Dr.  Ch.  Barrois  was  the  first  to  recognise  its  true  zonal 
position. 

It  is  a  remarkable  fact  tliat  Micrasters  are  not  uncommon  in 
this  zone  in  Devonshire,  and  Dr.  Howe  informs  me  that  toth 
M.  corbovis  and  M,  Leskei  are  present. 

The  Terebratulina  Zone.-Thm  is  the  "Challc  with  flints'* 
of  earlier  writers  and  was  supposed  to  be  Upper  Chalk  simply 
because  the  flints  are  like  those  in  the  Upper  Chalk  ;  they  are  very 
numerous,  occurring  lx)th  in  layers  and  as  scattei'ed  nodules.  The 
fossils,  however,  are  (juite  decisive  as  to  its  true  stratigraphical 
position,  which  waa  first  recognised  by  Prof.  Ch.  Barrois  in  1876.* 
It  is  a  remarkable  fact  that  this  zone  is  thicker  in  Devon 
tlian  it  is  in  South  or  West  Dorset,  being  near  Beer  about  80  feet 
thick  and  about  100  feet  at  Beei-  Head. 


*Becherche«  sur  le  Terrain  Crt^tac^  Superieur,  p.  72^ 
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Mr.  Meyer  gave  some  description  of  the  beds  which  are  now 
classed  as  Middle  Chalk  in  his  paper  on  the  Cretaceous  Bocks  of 
Beer  Head.  *  In  comparing  Mr.  Meyer's  account  of  these  beds  with 
the  more  detailed  sections  which  are  given  in  the  following  pages, 
tlie  reader  will  find  that  the  zone  of  RhyTichonella  Cvmeri  includes 
his  Beds  14,  15  and  16.  The  base  of  his  17  is  marked  by  a  layer 
of  rather  large  black  flints  and  this  may  be  taken  as  the  base  of, 
the  Terebratvlina^  zone,  which  will  then  include  Mr.  Meyer's  17, 18, 
19,  and  the  lowest  part  of  his  20.  His  highest  bed  (20)  takes  in  all 
the  rest  of  the  visible  "  chalk  with  flinte.** 

StRATIGK APHICXL  DRTAn^.  j  [ 

Zone  of  Bhynchonella  Cuvieri. 

The  lower  part  of  this  zone  is  well  exposed  at  the  eastern  end  of 

Pinhay  cliffs.    The  higher  beds  are  partly  obscured  by  grass  and 

talus  and '  are  difficult  to  reach,    but   by  piecing  together  small 

exposures  the  following  descending  succession  was  made  out,  the 

thicknesses  assigned  to  the  beds  being  only  rough  measurements, 

by  eye  and  hammer  :— 

ft.    in. 
9.  Firm  whitish  chalk,  massive,  without  flints,  full  of 

broken  Inoceramus  shells        -       -        .       about     15     0 

8.  Soft  yellowish  dusty  chalk 50 

7.  Bather  hard  yellowish  chalk 10    0 

6.  Whitish  chalk,  enclosing  large  nodules  of  hard  yellowish 

chalk  and  some  small  flints 10 

5.  Whitish  chalk,  exposed  as  a  bare  face,  with  a  few  small 

scattered  yellow  nodules 110 

4.  Massive  whitish  chalk,  forming  a  vertical  wall,  no 

nodules 16     0 

3.  Hard  yellowish  chalk,  full  of  small  hard  nodules  -  -  2  0 
2.  Very  hard  yellowish-white  limestone  -  -  -  -  1  0 
1.  Very  hard  chalky  limestone,  with  many  grains  of 

quartz  and  glauconite,  especially  in  the  lower  part  -       1     4 
Cew^wianian.— Rubbly  and   sandy  rock,   consisting  of 

quartz  and  glauconite  grains  in    a  chalky  paste, 

with  hard  lumps  and  derived  phosphate  nodules 

near  Imse 0  10 

About  63  0 
Very  few  fossils  were  found  here ;  the  lowest  bed  passes  up  into 
the  next  (No.  2),  which  contains /noc^^ramixsmyfi/oides  and  certainly 
belongs  to  the  Wi.  Cuvieri  zone,  as  do  all  the  succeeding  beds  up 
to  the  top  of  No.  7.  The  soft  dusty  chalk  above  this  has  the  aspect 
of  the  Terebratvlina  zone,  but  the  succeeding  beds  have  the 
shelly  character  of  the  Rhyrwh.  Cvmeri  zone,  so  that  it  is  difficult 
to  say  where  the  line  should  be  drawn.  If  both  these  beds  are 
excluded  the  thickness  of  this  zone  is  about  43  feet,  if  they  are 
included  it  is  over  60  feet. 

A  clear  vertical  section  of  the  whole  zone  can  also  he  seen  in  the 
great  cleft  at  the  western  end  of  Pinhay  diff,  where  a  large  mass  or 


* 


Quart.  Journ.  Geol.  Soc.,  Vol.  xxx.,  p.  369  (1874) 
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slice  of  rock  has  recently  moved  outwards  without  slipping  far  out 
of  position.  The  difficulty  of  reaching  this  iwsition  prevented  me 
from  examining  it ;  Dr.  Kowe,  however,  measured  it  in  1898,  and 
informs  me  that  the  Rh,  Cuvieri  zone  has  a  thickness  of  56  feet. 

The  same  l^eds  can  be  examined  on  the  opposite  side  of  the  Whit- 
lands  vallev  at  the  south-west  end  of  Lvnch  Plantation,  30  oi*  40 
feet  being  seen,  and  consisting  partly  of  loose  and  pailly  of  ma«si\-c* 
chalk  in  alternating  beds  with  many  Irwcerarmis  mytHmdps;  lu* 
before  there  is  a  glauconitic  and  quartziferous  basement  bed. 

A  fourth  place  where  there  is  a  clear  and  faii-ly  accessible  section 

of  the  Rh.  Cuvieri  chalk  is  below  the  Coast  Guard  station  on  Whit 

lands  cliff.    Here  there  seem  to  be  50  or  60  feet  assignable  to  this 

zone,  and  the  basement  beds  are  well  exposed  in  a  sort  of  alcove  at 

the  lx)ttom  of  the  vertical  cliflf.    The  section  here  is  as  follows :  — 

ft.   in. 
Bough  chalk,  full  of  small  chalk  nodules         -       -        -       6    0 
Hard  nodular  quartziferous  chalk,  with  Rhync.  Wiesti, 

Inoc,  mytiloides  and  Discoidea  Duront  -        -        -        1     9 

Greenish    sandy  and    fdauconitic    chalk,  with   some 

scattered   phosphate   no(lule.s ;  Actinocnnmx  pleiivs 

and  Am.  {Dmivilleiceras)  euamphafMS      -        -  -        0    9 

Hard  shelly  limestone,  with  a  layer  of  brown  phosphatic 

nodules  at  the  top 10 

Selbomian.     Hard  calcareous  sandstone. 

Though  the  fossils  found  in  the  lowest  9  inches  of  sandy  glau- 
conitic chalk  link  this  rather  with  the  Lower,  than  with  the  Middle 
Chalk,  it  passes  up  into  the  hard  quartziferous  chalk. 

At  the  corner  of  Charton  cliff,  a  Uttle  fm'ther  west,  the  base  is  again 
exposed,  and  the  section,  though  small,  is  remarkable,  for  there  is 
no  Cenomanian  limestone,  and  the  quartziferous  chalk  rests 
directly  on  the  topmost  bed  of  the  Upper  Greensand. 

Lower  down,  and  a  little  to  the  eastward,  a  more  complete  section 
was  found  in  a  large  fallen  mass.    This  showed  :  — 

feet. 

Firm  shelly  chalk,  with  hard  yellow  nodules  standing  out  on 
the  rough  weathered  face    -  10 

Hard  rocky  nodular  quartziferous  chalk,  with  a  marked 
yellow  layer  at  the  top 2 

Plane  of    separation  with  flattish  lenticular  lum])3  of  phos- 
phatic matter  and  a  few  nodules. 

Selbomian.    Hard  calcareous  shelly  sandstone      -  -  6 

In  the  quartziferous  and  glauconitic  chalk  here  I  found  Ino- 
ceramus  mytUoides,  Cardiaster  iryg-nueuSy  Discoidea  minima,  and 
Cidiiris  hirudo,  all  Turonian  si^ecies.  Here,  therefore,  the  Lower 
Clialk  is  absent,  and  the  Middle  Chalk  has  a  glauconitic  basement-bed. 

Passing  to  Kousdon  cliff,  the  lowei*  part  of  the  Middle  Chalk  is 
exposed  in  the  bank  by  the  roadway  just  above  the  old  quai'r} , 
and  the  basal  beds  are  exposed*  at  the  top  of  this  quarry.  By  the 
roadway  a  specimen  of  Am.  [Aca/t//r.  J  nisticus  wsis  seen.  From'  this 
point  westward  the  chalk  of  the  Rh.  Cuvieri  zone  can  be  followed 
cxintinuouslv  in  the  cliffs  for  about  a  mile,  but  is  not  alwavs 
ac-cessible,  except  in  the  fallen  masses. 
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In  the  cliffs  of  the  great  landslip  at  Bindon  it  is  again  well  ex- 
posed, and  is  very  accessible  on  the  south  side  of  the  great  gap. 
Here  the  following  succession  was  measured :—  ft  in. 

Firm  white   chalk  with  frequent  vertical  joints,  several 

Rhync,    Cuvieri       -- 90 

Firm  white  chalk,  with  a  layer  of  black  flints  at  the  top 

and  another  at  the  base 80 

Firm  white  chalk,  weathering  into  rou^h  blocks    -       -90 
Massive  white  chalk  with  even  fracture     -       -  -    3     6 

Hard  rocky  nodular  chalk  with  yellow  lumps   -        -       -     2     6 
Firm  white  smoother  chalk  with  some  small  scattered 

nodules 60 

Loose  nodular  chalk,  with    many  yellowish  nodules  of 

various  sizes,  passing  into  next 9     0 

Hard  quartziferous  and  glauconitic  chalk      •        -        -     I     6 

48     6 

Here  there  is  a  complete  passage  from  a  pure  chalk  down  into 
the  glauconitic  basement  bed,  which  also  is  thinner  than  usual. 

At  the  west  end  of  the  landslip  the  basal  bed,  about  2  feet  thick, 
separates  itself  from  the  chalk  above,  and  contains  Rhynchonella 
Wiesti  in  some  abundance.  Above  it  about  20  feet  of  nodular 
chalk  is  exposed. 

The  most  complete  and  most  accessible  section  of  this  zone,  and 
of  the  whole  of  the  Middle  Chalk  in  Devon,  is  that  in  the  cliffs 
above  Beer  Harbour  (see  Figs.  78  and  79).  The  lowest  beds  are 
found  at  the  southern  end  of  Whitecliff,  and  as  they  are  most 
conveniently  examined  in  ascending  order  I  give  the  .succession  in 
that  way  :  — 

feet. 

1.  Very    hard    rough    nodular    yellowish-white    limestone, 

containing  scattered  grains  of  quartz  and  glaiironite, 
especially  at  the  base,  which  is  clearly  separati^cl  from 
the   bed    below  (see  p.  131) .3 

2.  Hard    yellowish    nmhilar    chalk 6 

'^.  Less  hard  chalk  with  grey  streaks  and  few  nodules,  in 

two  beds,  with  a  marked  plane  of  separation  (?  repre- 
sents   Beer    Stone) r> 

4.  Rough    nodular   chalk,    with   a    course    of    very    hard 

yellowish  nodules  at  the  base         -        -        .        .  9 

5.  Nodular  chalk,  with  a  course  of  hard  yellow  nodules  at 

the  base  and  a  few  scattered  flints  near  the  top      -     8 

6.  Hard  nodular  chalk,  with  greyish  streaks,  and  some  flints 

and  a  layer  of  yellow  nodules  at  the  top    -        -        -     1 

7.  Hard  whit«  chalk  with  grey  streaks,  and  flints  and  a  layer 

of  yellow  nodules  at  the  top 2  J 

8.  Softer  whitish  chalk,  with  a  layer  of  black  flints  at  tlie 

Ixvse,  a  few  scattered  flints  and  a  layer  of  yellow  nodules 

at  the  top i\ 

I  take  No.  7  to  be  the  top  of  the  zone  of  Rkynchoiiella  Cuviein, 
though  some  might  prefer  to  extend  it  to  the  top  of  No.  8.  Omit- 
ting it,  the  thickness  of  the  zone  is  nearly  35  feet  at  Whiteclifi*. 

The  l>asement  bed  in  the  above  section  is  that  which  Mr.  Meyer 
indicate  bv  the  numl)er  l4  in  his  account  of  the  Cretaceous 
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Rocks  at  and  near  Beer  Head.  Common  fosails  in  this  bed 
are :  Oardiaster  pygrruBuSy  Chhiris  hiitido  (spines),  Discoidea 
Diroiii,  Heminster  rairiimiiSy  and   fUiyiichonella  Cumeii. 

Tlie  next  l>ed  ((>  feet  thick)  does  not  appear  in  Mr.  Meyer's  account., 
but  we  agree  in  making  the  representative  of  the  Beer  Stone  to  be 
5  feet  thick ;  this  bed  however  differs  from  the  freestone  of  tbe 
Beer  quarries,  which  will  be  described  later  on.  From  these  two 
lieds  (2  and  3  of  my  section)  Inocerarrms  mytUoides,  Rhynduytiella 
Cuvieri,  Cidaris  hirudo,  Discoidea  Dixoni,  Hemiaster  mini/mits, 
(riderites  svbrotundus,  and  a  palate  of  PycTiodns  were  obtained  by 
Mr.  Rhodes  and  myself. 

The  succeeding  20  feet  contain  the  same  and  a  few  other  fossils  ; 
they  constitute  Bed  16  of  Mr.  Meyer,  and  the  thickness  of  8  feet 
given  by  him  is  probably  a  misprint  for  18  feet. 

The  highest  bed  of  my  section  (No.  8)  is  clearly  No.  17  of  Mr. 
Meyer,  but  few  fossils  can  be  found  in  it  at  Whitecliff  or  Beer,  and 
I  prefer  to  regaid  it  as  the  base  of  the  Terebratxdina  zone. 

The  same  suc^jession  can  be  examined  on  the  other  side  of  Beer 
Harlx)ur,  south  of  the  gap, where  a  longer  extent  of  the  lower  beds 
can  be  reached.  The  basement  bed  can  be  seen  to  decrease  in  thick- 
ness from  2^  to  1  foot,  the  overlying  bed  being  only  4  feet  and  the 
Beer  Stone  only  3  feet  at  the  same  place.  The  total  thickness  of 
the  zone  here  is  not  more  than  30  feet.  The  basement  bed  at 
this  place  yielded  the  same  fossils  as  before,  together  with  Gale- 
rites  svbrotvmdvs,  while  in  the  bed  above  I  found  Micraster  cor- 
lioms  (a  very  low  horizon  for  this  species),  Oardiaster  pygmoivs, 
and  Discoidea  Dixoni.  Cardiaster  pygmcevs  is  common  in  these 
l)eds  all  along  the  coast,  and  runs  to  an  unusually  large  size,  some 
specimens  l)eing  more  than  an  inch  in  length. 

The  next  point  at  which  the  zone  of  Rkynchonella  Cuvieri  can  l)e 
convenientlv  measured  is  at  the  caves  to  the  north  of  Pounds  Pool. 
Here  the  beds  dip  into  a  slight  syncline  Ijefore  rising  uito  the  anti- 
cline above  Pounds  Pool  l^each,  and  it  is  the  hard  chalk  of  this  zone 
which  forms  the  buttresses  of  the  caves.  The  following  descending 
succession  can  be  seen,  beginning  below  a  conspicuous  layer  of 
bhick  flints :—  feet 

7  &  8.?  Chalk  with    scattered    fliats      -        -        -        -        -     2 

5  &  6.  Massive  streaky  chalk  with  scattered  flints,  a  layer 

of  hard  yellow  nodules  at  the  top  and  some  nodules 

below ;  marked  plane  of  separation  at  base  -        -     5 

4.  Hard  nodular  chalk,  yell(»w  and  rocky  at  top,  and 

another  layer  of  yellow  nodules  at  base,  Inoceramus 

mytUoides 4 

2  it  .3.  Rough  nodular  chalk  (6  inches),  passing  into  streaky 
chalk  with  few  nodules,  with  rough  nodular  chalk 
again  below,  Inoc.  myiiloideSy  Rhync,  Cuvieri^  Car- 
diaster pygnicBUs 7 

1.  Hard  rough  yellowish  nodular  limestone,  with  green 
grains  in  lower   part  -  ...     2 


20 
Here  every  bed  except  the  basement  is  still  ftirther  eonden^, 

42l9;  ¥V  2 
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and  the  thickness  of  the  zone  is  much  le^  than  it  is  near  Beer  ; 

moreover,  southward,  above  the  beach,  the  middle  part  of  the  7- 

foot  bed  can  be  seen  to  thin  out,  the  total  thickness  being  thus  further 

diminished.    The  streakj*  chalk  seems  to  represent  the  Beer  Stone. 

At  Beer  Head  the  chalk  of  this  zone  can  be  reached  again  in  a 

small  gully  above  the  fallen  blocks  a  little  west  of  the  headland 

itself,  and  here  the  thickness  is  still  fmiiher  reduced,  the  succession 

l)eing  as  follows  :—  ft.  in. 

Soft  white  chalk  with  layers  of  black  flints. 

rSoft  chalk  without  flints 16 

Hard  solid  yellow  limestone,  welded  to  the  top  of 

the  bed  below 00 

Rough  nodular  shelly  chalk  with  Cardiaster  jtyg- 

niceus,  Discoidea  Dixoni,  and  Cidaris  spines    -     6     6 
Hard  nodular  chalk,  with  a  few  scattered  grains 

of  glauconite 50 

Hard  yellowish  limestone  with  defined  upper  sur- 
face ;  contains  much  quartz  and  glauconite      -     1     9 


1 

a 

.3 


15     3 

The  basement  bed  here  contains  more  quartz  and  glauconite 
than  it  does  to  the  northward,  and  there  are  hollows  filled  with 
glauconitic  sand  between  it  and  the  bed  below  (see  p.  134).  There 
is  nothing  which  can  be  identified  as  Beer  Stone.  Between  the 
upper  yellow  limestone  and  the  overlying  chalk  there  is  a  marked 
plajae  of  division,  and  this  might  be  taken  as  the  simunit  of  the  zone, 
but  I  take  the  next  18  inches  to  represent  the  highest  2-foot  bed 
at  Pounds  Pool. 

Pi'om  this  point  toward  the  west  and  north-west  the  zone  swells 
out  again.  The  whole  of  it  can  be  measured  in  the  "  Pinnacles/' 
which  are  huge  detached  masses  which  have  slipped  from  the  eastern 
end  of  Hooken  chffs,  and  are  part  of  the  great  landslip  of  1790. 
Here  the  basement  bed  has  the  same  thickness  as  at  Beer  Head, 
but  it  rests  on  a  bed  of  chalky  glauconitic  sand  (see  p.  1.33),  and  is 
overlain  by  7  feet  of  very  gritty,  yellowish-gre\  chalk,  succeeded 
by  about  12  feet  of  rough  nodular  chalk,  including  a  bed  of  hard 
yellow  compact  limestone  at  the  top,  9  inches  thick.  Here,  there- 
fore, the  zone  is  20  feet  thick. 

The  next  point  where  these  beds  can  Ije  rejichei!  is  in  the  cliff 
below  the  coast-guard  station  by  means  of  the  long  talus  slope 
mentioned  on  p.  135.  It  was  at  this  place  that  Mr.  Meyer  took  the 
section  on  which  he  based  his  paper.  The  following  are  the  beds 
which  seem  to  be  referable  to  the  zone  of  Rhynch.  Guvieri,  and  the 
prefixed  numbers  refer  to  those  in  Mr.  Meyer's  succession  :— 

feet. 
17.  Compact  streaky  chalk,  with  a  few  scattered  flints 
and  a  laver  of  flints  at  the  base  -        -        -        -       G 
•jf       { 16.  Rough  chalk   full  of  hard  hnnps,   lnit  witli    1 2 
'oS  inches  of  streaky  chalk  in  the  middle   -        -        -     l.*5 

g^;s         IT).  Compact  even-grained  streaky  chalk  ;  this  seems 

to  be  the  Beer  Stone <; 

.  14.  Hard  nodular  chalk,  passing  down  into  rough 
gritty  chalk  with  hara  lumps.  I  took  Galeriteft 
svhrotundus  from  the  base  or  this  -       -       -       7 


oo 
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The  gritty  chalk  at  tlie  base  contams  glauconite  gmins,  and  passes 
down  into  the  rough  glauconitic  sand  with  chalky  mati*ix,  which 
here  forms  a  kind  of  passage  bed  betw  ('(mi  the  Turonian  and  Ceno- 
inanian  stages.  It  will  be  noticed  that  in  the  short  distance  be- 
tween the  Pinnacles  and  this  cliff  all  the  beds  have  thickened, 
and  the  total  is  26  in  place  of  21  feet ;  also  that  the  hard  Uppel- 
limestone  of  the  Piimacle  and  Beer  Head  sections  is  not  here  dis- 
tinguishable, but  its  place  is  doubtless  at  the  top  of  Mr.  Mever's 
Ko.  16. 

Fig.  33  is  reproduced  from  a  photograph  of  the  cliff  where  the 
above  section  was  taken,  and  Mr.  Meyer's  numbers  are  marked  on 
the  beds  in  the  middle  of  the  cliff. 

A  little  west  of  the  talus  slope,  and  in  a  re-entrant  angle  of  the 
cliff,  is  an  adit  (visible  in  Fig.  33),  whence  Beer  Stone  was  formerly 
extracted.  Dressed  blocks  of  the  stone  still  lie  about  on  the  slope 
l^elow,  alongside  the  pathway  leading  down  to  the  shore,  where  the 
stone  was  shipped,  but  since  the  making  of  the  railway  to  Seaton 
this  quarry  has  not  been  worked. 

The  Beer  Stone  is  a  Ijed  of  very  local  occmTence,  hardly  trace- 
able as  a  freestone  ui  Beer  cliffs,  as  we  have  seen,  but  probably 
extending  from  the  great  quarries  west  of  Beer  in  a  southerly  dii'ec- 
tion  to  this  part  of  the  cliffs. 

From  this  point  the  zone  we  have  been  following  rises  high  into 
the  cliffs,  and  can  be  followed  with  the  eye  for  some  200  to  300 
yards ;  then  it  partakes  in  the  rapid  and  remarkable  thimiing  out 
of  the  Cenomanian,  and  is  finally  overlapped  by  the  chalk  of  the 
Terebratuliiui  zone  (see  Fig.  80).  Nor,  so  far  as  can  be  seen  does  it 
come  in  again  in  any  part  of  the  cliff  east  of  Branscombe  Mouth. 

It  is  not  easy  to  ascertain  exactly  what  happens  in  the  Ho<^ken 
cliffs,  whei*e  certain  beds  thin  out  and  disappear,  because  the\  are 
practiciiUy  inac<5essible ;  but  so  far  as  I  could  ascertain  by  scimninpr 
the  lines  in  the  cliff*  from  below  the  disposition  of  the  beds  appeared 
to  be  as  repi^esented  in  Fig.  74.  If  my  view  of  it  is  correct  the  pheno- 
menon nmst  be  regarded  as  partly  a  case  of  contemporaneous  erosion 
and  partly  one  of  thinning  out  of  beds  against  a  bank.  I  tissunir 
that  originally  the  beds  A  and  B  were  continued  westward  o\er 
the  Selljornian,  though  possibly  becoming  somewhat  thicker  in 
that  dii-eAion,  and  forming  a  kind  of  sand  bank  ;  then  the  sea  floor 
seems  to  have  been  swept  by  a  current  which  removed  the  material 
of  B  and  nearly  the  whole  of  A  from  a  portion  of  the  area.  It  is 
difficult  to  understand  how  this  tract  continued  to  form  a  sul)- 
marine  bank,  and  yet,  if  we  suppose  that  the  zone  of  Rhynchoiiella 
Cuvieri  was  also  continuous  over  the  tract  in  question,  we  must 
assume  another  i^eriod  of  erosion  after  its  formation,  and  the  struc- 
tm^  in  the  cliffs  does  not  suggest  any  such  second  erosion.  The 
beds,  especiiilly  those  of  the  Terrltnttuiiua  zone,  seem  to  come 
down  and  thin  out  against  the  Bed  A  as  if  against  a  submarine 
b:iiik. 
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Inland,  and  about  one  mile  weat  of  the  village  of  Beer,  ai^ 
large  quarries  whei-e  the  Iteer  Stone  haa  Ix^n  worked  for  several 
centuries,  at  first  by  open  quarrying,  but  more  recently  by  means 
of  adits  driven  into  the  hill.  The  open  quarry  is  about  80  feet 
deep,  and  the  upper  beds  were  formerly  burnt  for  lime.  A  good 
section  through  the  lower  half  of  the  zone  of  Terebratulina 
and  through  that  of  Rhyndumdla  Cuvieri  is  here  shown.  The 
uppermost  30  feet  is  inaccessible,  but  the  rest  is  easily  measured 
and  the  whole  section  is  as  follows  :— 


S3  ^ 


/Soil  and  broken  chalk,  with  a  few  flints    -       about 
Conspicuous  layer  of  black  flints. 
Chalk  with  many  courses  of  flints   -       -  „ 

Chalk  with  few  flints 

Chalk    without    flints 

Soft  wliite  chalk  with  scattered  flints  and  some  in 

layers 

Soft  smooth  chalk  (1  or  2  feet),  passing  down  into 

rough  nodular  chalk,  varying  from  0  to  15  inches, 

GaUrites  Bubrotundus  and  Rhynch,  Cuvieri  - 
V^ery   hard   compact  yellowish  linu^Mtone,   i)assing 

down  into  hard  shelly  hrecciated  chalk  (buff  and 

white) ;  Hhynch.  Cuvieri  and  Ter,  $emitjloh^sa 
Rough  yellowish  nodular  clialk,  rather  cciarse-grained 
(     and  apparently  consisting  of  comminuted  shell 

fragments,  Inoceramus  mytiloides  -        -        -        - 
Somewhat  nodular  chalk,  like  the  last.,  called  the 

"  roof  course  **  or  **  cockly  bed  "   -        -        - 
Compact  crystalline  freestone  in  thick  lieds     - 
^Freestone  in  thinner  beds  and  Jiarder    - 


feet. 
9 

24 
6 
3 


2J 


i) 


Hi 

3 

8 
5 


82  . 

The  two  lowest  beds,  with  a  combined  thickness  of  about  13  feet, 
form  the  rock  known  as  the  Beer  Stone  or  freestone  of  Beer.  It 
is  a  granular  limestone,  consisting  almost  entii*ely  of  comminuted 
fragments  of  Inoceramus  shells  (see  p.  50G).  From  the  fi-eestone 
Mr.  Rhodes  obtahied  Nautilus  sp,,  Inoceramus  mytiloides,  Ptydiodus 
joammillarisy  RhynchoneUa  Cuvieri,  Galerites  cadanea,  Hemiaster 
minimus,  and  TerebratuUi  semiglolHyaa. 

It  is  quairied  by  adits,*  which  now  form  a  large  subtenanean 
cavern  undei*  the  hill  to  the  north.  In  former  days  still  lower  beds 
seem  to  have  been  exposed  which  are  not  now  to  be  seen  in  this  or  in 
any  of  the  older  workings  in  the  valley,  of  which  there  are  several. 
A  detailed  account  of  the  Beer  Stone  was  published  in  1826  by 
Sir  H.  de  la  Beche,*  who  says:  "Beneath  18  feet  of  indurated 
chalk  without  flint«,  which  they  call  '  skull/  the  workmen  enu- 
merate eight  beds.''  He  gives  a  list  of  these  beds  which  vary  in 
hardness  from  soft  to  very  hard,  and  have  an  aggregate  thickness 
of  12  feet  4  inches.  "  Beneath  these  are  about  5  or  6  feet  of  hard 
calcai*eous  rock  which  bums  into  good  lime,  but  is  not  quarried 
as  the  others  ai-e.    Beneath  this  the  sandstones  commence." 
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Again,  Mr.  Whitaker,  who  vigited  the  quarry  m  1868,*  give« 
Ihe  following  aoconnt  of  the  section  :— 

feet. 
Thickly-bedded  massive  (chalk),  with  a  rough  layer  on 

top  (mostly  forming  a  hard  even  cap)    -       -        -        -  15  or  more 
Massive,  more  crystalline  bed  (Freestone)        -        about  10 
More  splintering,  and  with  dividing  lines   of  a  darker 

tint about     s 

^  Chalk   Marl.— Bottom  i>art  with  a  few  quarts  grains 

and  black  grains. 

It  is  clear,  therefore,  that  beneath  the  floor  of  the  present  cjuarry 
there  ai*e  a  few  feet  (probably  4  or  5)  of  hard  and  rough  chalk  with 
a  basement  bed  containing  quartz  and  glauconite.  Pi-obabl)' 
these  beds  resemble  those  seen  in  the  cliffs  of  Iteer  Harbour  rather 
than  those  of  Hooken  cliff,  but  it  would  be  interesting  to  know 
whether  there  is  any  i*epresentiitive  of  the  calcareous  greensand, 
No.  13  of  Mr.  Meyer's  succession.  ITie  total  thickness  of  the  Rh. 
Cuvieri  zone  in  Iteer  (juarries  may  be  set  down  at  34  or  35  feet. 

The  compiict  limestone  which  1  take  as  the  summit  of  the  Rh. 
Cui>ieri  zone  is  a  remarkably  hard  and  compact  rock  resembling 
some  varieties  of  Chalk  llock,  it  is  thickest  and  best  developed 
along  the  western  face  of  the  quarry,  seeming  to  \y(\M  into  a  more 
iioduLir  kind  of  rock  toward  the  east.  The  beds  l)a\e  a  dip  of 
al)out  4*"  to  the  east. 

The  disappearance  of  the  RhyiuHi,  Cuvieri  zone  in  the  Hooken 
cliff's  is  quite  a  local  phenomenon,  for  the  beds  set  in  again  with  their 
usual  charactei-s  to  the  west  of  Branscombe  Mouth.  They  can  be 
reached  in  several  places  between  a  quarter  and  half  a  mile  west 
of  the  Coastguaixl  Station,  and  the  fdlowing  succession  can  be 
made  out :  — 

feet. 
Soft  white  chalk,  with  layers  of  flint  nodules  at  intervals  of 
1  to  1^  feet  ai)art  (base  of  Terebratuli^M  zone)     -    -        -     15 
Hard  rough  chalk,  very  hard  at  top,  with  yellowish 
crystalline  lumps  throughout,  Cardiaster  pygviceus, 


Ter.  gracilis  var.  teto,  and  Cidaris  Sorigveti 
Softer  white  chalk  with  few  nodules,  but  with  (»ne 

layer  of  small  flints,  Cidarin  spines     -        -        -       8 
White  chalk  streaked  with  yellowish-grey,  contain- 
^  nJ*  '^       ing  manv  small  hard  nodules  and  a  layer  of  black 
u-.^  flints 


o  5 

So 

o 

>5 


Hough  yellowish  chalk  full  of  hard  yellowish  lunps, 
Cardiaster  pygmceus  and  Cidaris  Sorigneii     -    - 

Yellowish  glauconitic  chalk  with  some  quirtz- 
grains.  Ammonites  [Prionocj^ltis]  Neptuni 


The  thickness  of  the  zone  here,  therefore,  is  about  25  feet,  so 
that  it  must  come  in  again  as  rapidly  as  it  thinned  out.  It  will 
be  noticed  that  the  streaky  chalk  which  appears  to  occupy  the 
place  of  the  Beer  Stone  contains  a  layer  of  flints,  which  thus  occur 
much  lower  down  than  they  do  near  Beer. 


•Quart  Journ.  Geol.  Soc,  VoL  xjcviL  p.  9tt  (1671). 
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The  zone  becoinea  still  thicker  to  the  westward,  and  the  following 

section  was  measuied  near  the  beginning  of  Berry  clifi*  about  a  mile 

and  a  quarter  west  of  Branacombe  Mouth  :— 

feet. 
Soft  white  chalk,  with  frequent  layers  of  flints  and  a  layer  of 
large  flints  at  the  base 

Very  hard  compact  yellow  limestone  -       -       -       -         J 
^        I  Soft  whitish  chalk  with  flints,  lK)th  scattered  and 
^  in  layers,  many  hard  nodules  and  several  nodular 

I        '       layers.    Spines  of  Cidaris  Sorigneti  are  abundant, 
"5  -^  Bhynch,  Cuvieri  and  Inoceramus  mytiloides  -        -     14 

^.t    I   Massive  firm  chalk  with  few  nodules,  but  having 
;^  I    \       lenticular   lumps   of   very   hard   chalk,   Cidaris 

vg  O    I       hirudoy  test  and  spines 10 

Rough  nodular  chalk  in  alternating  layers  of  very 
hard  nodular  rock  and  less  hard  shaly  chalk, 
Cidaris  hirudo,  Cidaris  Sorigneti  and  Discaidea 
\     Dixoni    -       -       -       -       -       -        -       --12 


a 
o 


36i 

The  actual  base  was  not  visible  at  this  spot,  but  near  by  the  base- 
ment bed  was  seen  to  be  a  foot  thick  and  to  be  a  very  hard  yellowish 
limestone  with  scattered  grains  of  quartz  and  some  glauconite  at 
the  base,  which  i-ests  on  and  seems  to  enclose  some  of  the  phosphatic 
nodules  at  the  top  of  the  Cenomanian.  The  total  thickness  here 
is  nearly  38  feet,  this  being  more  than  at  Hooken  or  even  at  the 
Beer  quarries. 

Lower  down  the  slope  and  above  ''Bed  Bock"  path  are  two  fallen 
Idocks,  one  of  which  shows  the  basement  bed  and  the  junction 
with  the  Cenomanian  very  clearly  ;  the  other  is  a  mass  of  the  upper 
part  of  the  zone  and  is  crowded  with  spines  of  Ciduris,  esj^ecialh 
the  knob-headed  G.  Sorignetiy  with  Gardiaster  pyg^niams,  Discmdea 
Dixoni,  and  RkynchoTiMa  Gvmeri,  The  mass  includes  the  thin 
limestone  top  covered  by  soft  chalk  with  large  black  fiints. 

Another  good  exposure  of  this  chalk  occurs  a  little  fai^ther  west 
above  Donkey  Linhay  rocks,  and  the  details  are  similar. 

Ifeyond  LitUeoombe  Hollow  the  chalk  rises  to  the  very  summit 
of  the  clitt's,  the  higher  part  of  which  is  here  very  steep  and  difficult 
of  access. 

The  most  westerly  chalk  tract  in  England  is  that  on  the  summit 
of  Duuseomlje  Hill  between  Weston  and  Salcombe  mouths.  It  is 
quite  inaccessible  except  by  means  of  ropes  and  tackle,  but  alx)ve 
the  Cenomanian  limestones  there  can  be  seen  10  or  11  feet  of  rough 
nodular  chalk  resembling  that  of  Berry  difTs,  so  that  there  can  be 
no  doubt  that  the  zone  of  Rhynchandla  Cuvieri  is  present* 

The  Terebratulina  Zone. 

The  lu^t  exposure  of  this  zone  is  in  Pinhay  cliff  above  the  section 
of  the  Rh,  Cuvieri  zone  described  on  p.  433.  In  the  IJuff  above  the 
?»U>|x^  >>here  the  section  wjia  taken  alx>ut  20  fn  I  of  soft  ^^lllle  chalk 
with  luany  elongate  and  finger-shaped  Uintis  uin  be  se^n,  but  the 
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higher  beds  are  inaccessiUe.  On  the  west  side  of  this  there  is  a 
siuall  fault  with  upthrow  to  the  west,  and  in  the  next  bluff  the 
following  succession  is  seen  :  — 

feet. 
Hard  rocky  clialk  (Chalk  Rock) 
Soft  white  chalk  with  a  few  flints,  Holasier  planus  found  near 

the  top,  and  Ter.  grcuilis  var.  lata  common  throughout    -     -20 
Soft  white  chalk  in  massive  beds,  with  many  finger-shaped 

flints seen  for     10 

The  visible  thickness  of  the  zone  is  not  more  than  40  feet  unless 
tlie  20  feet  of  underlying  chalk  without  flints  is  mcluded  (see  p.  433); 
but  as  there  is  a  fault,  and  the  beds  cannot  be  measured  in  vei'tical 
succession,  it  is  jxxssible  that  there  is  more  than  40  feet  in  the  bluffs, 
and  this  suspicion  is  confirmed  by  what  is  seen  further  west. 

The  upper  beds  of  this  zone  ai*e  seen  at  the  base  of  the  Muff 
which  is  known  as  Chai)el  Hock. 

The  whole  zone  and  that  of  Klixfiickoihdia  Cuvieri  are  exposed  in 
the  gi-eat  cleft  formed  by  the  bi-eaking  away  of  a  large  sUce  of  the 
cliff  at  the  west  end  of  Pinhay  cliffs.  This  section  was  measui-ed 
by  Dr.  A.  Rowe  in  1898,  and  he  kindly  allows  me  to  publish  the 
results,  which  are  as  follow  :  — 

feet. 

Zone  of  Terebratulina 72 

„      of  Rhynchonella  Cuvieri 56 

„      of  Ammonites  Mantelli  -        -        -        *        -        -        -      5j 

llei-e,  therefoi-e,  the  Middle  Chalk  is  128  feet  thick. 

The  Terelyratulinu  zone  can  also  be  examined  in  the  cliffs  below 
Wliitlands  Coastguard  Station,  and  it  forms  the  highest  part  of 
the  cliffs  south  of  Rousdon  for  the  distance  of  nearly  a  mile.  It 
does  not,  however,  come  into  the  Bindon  cliffs  nor  is  it  seen 
again  between  them  and  Axmouth. 

West  of  Seaton  the  whole  of  the  zone  is  brought  in  again  by 
the  great  syncline  at  Beer ;  it  is  visible  at  the  southern  end  of 
Whitecliff  (see  Fig.  77\  but  is  n)ost  accessible  along  the  north 
side  of  Beer  Harbour  (see  Fig.  78).  The  section  here  has  been 
described  m  detail  by  Prof.  Barrois,  and  I  could  recognise  his 
enmneration  of  beds  without  difficulty  up  to  his  No.  33,  but 
above  that  we  do  not  agree.  The  following  is  an  upward  con- 
tinuation of  the  section  given  on  p.  436. 

feet. 
9  White  chalk  with  many  black  flints  and  some  yellowish  lumps 
(Barrois     21) 3 

10  Soft   chalk  without  flints  (Ter.  gracilis  var.   lata)^  pairing 

up  into  chalk  with  flints  (B.  22,  23) 7 

11  Soft  chalk  with  many  flints,  both  scattered  and   in   layers, 

Ter.  lata  is  common  (B.  24,  25,  26)         -        -        -  g 

12  Nearly  continuous  layer  of  black  flint  (B.  27). 

13  Marly  chalk  veined  with  grey,  no  flints       -        -        -        -     3 
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Die  saoceeding  beds  are  inaooessi  Ue,  but  as  judged  by  the  eye  are 
218  follows  :  — 


feet. 
15 

4 


6 
20 


10 


16 
3 


14  (/halk  with  scattered  iiints  (Barrois  28,  29)    -       -    about 

15  Chalk  with  two  layers  of  iiint  nodules  (B.  30,  31,  32)      „ 

16  Chalk  without  flints,  soft  and  marly  in  lower  part  so  as  to 

weather  into  a  niche  (B.  33)  -       -       -       -    about 

17  Chalk  with  flints,  both  scattered  and  in  kiyers 

Abpve  this  is  a  talus  slope  which  conceals  the  junction  of  the 
Terebratvlina  zone  with  that  of  Holdster  planus.  There  is 
probably  about  20  feet  more  of  the  former  zone,  making  a  total 
of  about  93  feet  (if  Bed  8,  p.  436,  is  included).  This  upper  20  feet 
can  be  seen  at  the  south  end  of  Whitecliff,  and  in  it  there  is  a  layer 
of  dark  grey  marl. 

The  large  quarries  (not  now  worked)  north-west  of  Beer  and 

just  north  of  Comii  Bam  expose  a  very  good  section  thix)ugh  the 

/lOne  of  Holaster  planus  and  a  large  part  of  the  TerdmUulina  zone. 

The  dip  being  to   the  south-east,  the  highest  beds  come  in  at  the 

.south-east  end,  and  the  descending  succession  is  as  follows  :  — 

feet 
''  Hard   nodular  rocky  chalk  with  scattered  flints, 

mostly  inaccessible,  zone  of  M.  corteBtudinarium  - 
_    Conspicuous  course  of  large  black  flints. 
O  J  [lough  chalk  with  liard  lumps  in  layers,  Holaster 

planus  and  Terehraiula  carnea    -  -        - 

Etough  whitish  chalk  with  large  flints  at  intervals 
Hard  compact  chalk  with  scattered  bits  of  brown 

phosphate 1 

Solid  chalk  with  scattered  flints  and  a  few  hard 

lumps -.---3 

Course  of  hard  yellow  nodular  chalk,  passing  down 

into  less  nodular  chalk  with  scattered  flints  and 

a  flint  layer  at  the  base 7 

Softer  yellowish-white  chalk  with  a  few  scattered 

flints,  Inoceramus  Cuvieri 4^ 

Laminated  marly  chalk  with  a  thin  seam  of  dark 

grey  argillaceous  marl  at  the  base     -        -        -         i- 
Soft  marly  chalk  with  a  row  of  large  flints  in  the 

lower  part -        -1 

Firm  chalk  with  scattered  flints  of  very  irregular 

shape  and  long  projections,  Ter,  gracilis  var.  lata 
Rather  hard  chalk  with  scattered  flints  -  -  - 
Soft  massive  whitish  chalk  crowded  with  Ter,  lata, 

some  scattered  flints  both  large  and  smaU  - 
Soft  white  chalk  with  many  scattered  flints,  espe- 
cially   at    top    and    bottom,     Ter,    lata    very 

common  - 6 

Massive  bed  of  firm  white  chalk  without  flints,  Ter, 

lata  and  Ter,  striata  -       -       -       -        -       4 

Marly  chalk  in  two  layers,  weathering  into  slialy 

chalk       -        -        -    '    - li 

Harder  chalk  with  yellow  stains  and  two  courses  of 

large  irregular  flints,  yellow  stained    -        -       -      6 
Softer  (^Ik  with    scattered    flints,  having  finger- 

shap  d  or  born-like    projections,    Ter.    lata      -      ft 


o 

S3 


;3 

I 


10 
2 

6 
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Thin  quarry,  therefore,  shows  about  20  feet  belonging  to  the 
HolaMer  pkmus  zone  and  nearly  60  feet  of  the  Terdmitulina  zone. 
Supplementing  the  section  by  the  thickness  seen  in  Beer  difi'  below 
the  niche  of  marly  chalk  the  total  thickness  of  this  zone  would  be 
93  feet. 

The  lower  40  feet  of  this  zone  is  exposed  in  the  Beer  free- 
stone quarries,  and  the  section  has  been  given  on  p.  442. 

From  Beer  Harboiu*  to  Beer  Head  there  is  a  fine  range  of  clifTs 
from  200  to  300  feet  in  height,  but  as  the  beds  are  nearly  horizontal 
and  the  cliffs  are  nearly  vertical  the  Terebratvlvna  zone 
is  nowhere  accessible.  If,  how^ever,  one  lands  at  the  little 
bay  known  as  Pounds  Pool  and  looks  up  at  the  clifi*,  the  observer 
Ciin  easily  trace  the  base  of  this  zone  (see  p.  437),  and  between 
30  and  40  feet  above  it  he  will  see  a  band  of  flintless  chalk  with  a 
shaly  layer  at  the  base.  This  band  is  evidently  a  continuation  of 
that  which  occurs  about  40  feet  up  in  the  zone  at  Beer.  About 
24  feet  higher  still  runs  a  thin  layer  of  dark  grey  shaly  marl  like 
that  seen  in  the  quarries  north  of  Beer.  These  two  bands  are  in 
fact  continuous  all  the  way  from  Beer  to  Beer  Head. 

West  of  Beer  Head  in  the  Hooken  landslip,  between  the  path 
which  leads  up  from  Little  Beach  and  that  which  leads  down  from 
the  top  of  the  cliflf,  a  fairly  continuous  section  of  this  zone  can  be 
examined.  This  wa^  measured  partly  by  me  and  partly  by  Mr.  J. 
llhodas,  and  ia  as  follo^^^  :  — 

feet. 

Rough  yellowiah  aodnlar  chalk  with  scattered  hits  of  phoa- 
phato  ;  Uise  of  Nolastef-  planus  zone. 

Ije88  nodular  chalk  with  flints  in  layers  and  scattered. 
^  lower  part  with  grey  marly  streaks,  Mierasier 
^         rorbovis  -        -         -        --  «        -13 

Thin  layer  of  grey  shaly  marl   -        -  *        "         J 

Massive  (ihalk  with  layers  of  flintnS  2  to  4  feet  apart, 

and  some  scattered  flints,  Ter.  (fracilin   var.  lata  -     26 
Massive  grcyish-wliitc  chalk  with  few  flints,  Ter. 
^         gracilis^  var.  lata   .        -        -  .        .        .       g 

firey  marly  clialk,  Ter.  gracilis  var.  lata  -  -  2 
Clialk  without  flints,  massive,  Ter.  gracilis  var.  lata  3 
(>lialk  with  grey  marly  streaks  and  several  layers  of 

large  flints,   Ter.  gracilis  yar.  la tft       -        -        -     11 
Chalk  with  many  scattered  flints    -        -        -        -     21 
Oreyish  chalk  with  a  marly  layer  at  base  -       -       -      2^ 
Chalk  with  flints  in  layers  and  scattered,  Ter.  lata      -    20 
Liinostoiie  of  Rhyneh.  Cuvieri  zone  (see  p.  438). 


3 


105 


Hei'e,  therefore,  the  Terebratulma  zona  is  still  thicker  than 
at  l^r,  and  it  appeared  to  me  that  this  increase  of  thickness 
was  chiefly  in  the  lower  part  of  the  zone,  as  if  it  were  complementary 
to  the  thinning  of  the  underlying  zone  of  Rhynchonella  Cumeri. 
It  will  l)e  noticed  that  the  upper  layer  of  grey  marl  occurs  at  about 
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the  same  distaiioe  from  the  smnmit  of  the  zone,  and  that  the  lower 
layer  of  marly  chalk  is  at  about  the  same  distance  below  it,  but 
that  the  latter  is  much  further  up  from  the  base  of  the  zone  (nearly 
58  feet),  while  a  third  marly  layer  comes  in  about  20  feet  from  the 
base. 

The  lower  part  of  this  zone  is  Mr.  Meyer's  Bed  18,  and  his  Bed 
19,  described  as  "*  hard  chalk  without  flints,"  is  doubtless  the  band 
of  nearly  flintless  chalk  which  occurs  about  the  middle  of  the  zone. 
The  higher  beds  were  not  distinguished  by  Mr.  Meyer,  who 
classed  them  together  as  Bed  20,  "  white  chalk  with  numerous 
flinte." 

West  of  the  fine  diff  below  the  Southemdown  coastguard  station 
the  course  of  the  TerArai/aLma  chalk  can  be  followed  by  the  eye  in 
the  upper  part  of  the  Hooken  cliffs,  and  the  base  of  this  zone  can  be 
seen  to  overlap  the  rough  nodular  chalk  of  the  underlying  jB/jj/iics/*. 
Cumeri  zone  and  to  rest  on  a  gi'ey  bed  which  looks  like  sandstone. 
Then  the  lowest  beds  of  the  Terebratvlina  zone  begin  to  disappear, 
till  a  conspicuous  bed  of  flintless  chalk,  with  a  visible  layer  of  flints 
below,  comes  down  to  the  jimction-plane.  This  is  probably  the  2^-foot 
bed  of  greyish  chalk  which  occurs  about  20  feet  above  the  base  in 
the  last  section.  Beyond,  the  overlying  chalk  with  scattered  flints 
rests  on  an  eroded  surface  of  the  basal  portion  of  the  fossiliferous 
Cenomanian  grit,  as  described  on  p.  137 ;  so  that,  as  compai'ed 
with  the  section  near  the  Coastguard  House,  80  feet  of  rock  are 
hei-e  missing. 

Crossing  Branscombe  Mouth  and  walking  westward  to  Berr> 
clifi',  over  a  mile  from  the  Coastguard  Station,  we  find  the  lower 
l)eds  of  the  Terebratulina  zone  come  in  again  (see  p.  443),  though 
covei-ed  and  deeply  trenched  by  hollows  filled  with  gravel  and 
clay  with  flintw.  It  consists  of  soft  white  chalk  with  frecjuent  flints, 
l)oth  scattered  and  in  layera,  but  in  no  place  Ls  more  than  'M)  feet 
exposed.    Mr.  Rhodes  obtained  a  few  fossils. 

Beyond  thus  cliff  no  chalk  higher  than  the  zone  of  Khyiich.  Cuvieri 
has  been  seen. 

List    of    Fossils    from    the    Middle    Chalk 

OF  Devonshire. 

The  late  Mr.  Meyer  kindly  sent  me  a  i-evised  list  of  the  fossils  in 
his  collection,  which  he  obtained  from  the  zone  of  Rh.  Cuinen  (his 
beds  14,  15,  16,  17),  with  the  localities  from  which  they  Ciinie  ;  to 
this  I  have  added  a  few  other  species  found  by  myself  or  Mr. 
Rhodes.  Di\  Rowe  has  kindlv  sent  me  lists  of  the  fossils  found 
by  him  in  1898,  and  these  I  have  entered  separately  vnih  the 
mark  *'  x."    The  Beer  Stone  is  included  in  Bed  15. 

The  localities  are  indicated  Uhib  :  - 

a.  Wett  of  the  Axe  moiitii.  d.  Beer  Head  and  Unokeil. 

b.  At  and  near  Beer.  d.  Kranacomiie  ('lifTs. 
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CHAPTER    XXXV. 

THE    MIDDLE    CHALK    IN    WILTSHIRE. 

General  Description. 

The  course  of  the  Middle  Chalk  through  Wiltahire  is  verj- 
irrej^ular,  Ijec-ause  of  the  anticlinal  flexures  which  bring  up  the 
un(l<Mlyiiig  beds  in  the  Vales  of  Broad  Chalk,  Wardour,  War- 
minster and  Pewsey,  so  that  the  boundaiy  lines  run  foi*  long 
distances  in  an  east  to  west  direction.  The  width  of  surface 
occupied  by  the  Middle  Chalk  in  this  county  also  varies  greatly, 
for  whei'e  the  dip  is  slight  it  runs  far  up  the  numerous  valleys 
which  cut  through  the  chalk  hills,  while  where  the  dip  is  high 
the  spac^  so  occupied  is  but  a  narrow  strip  of  ground 

From  above  Charlton  near  Shaftesbury  the  outcrop  runs  east- 
ward and  surrounds  the  several  irregular  inliers  of  Ixn\er  Chalk 
which  ow'ur  in  the  Vale  of  Broad  Chalk.  This  vale  is  sei>arated 
from  that  of  Wardour  by  a  long  and  narrow  ridge  of  chalk,  the 
upper  pai-t  of  which  is  capped  by  the  beds  which  overlie  the  Chalk 
Rock.  This  i-idge  terminates  westward  in  the  promontory  which 
is  called  White  Sheet  Uill,  and  the  northern  slope  of  the  ridge  forms 
a  tine  esciu  pinent  ending  eastward  in  a  gi^eat  curve  which  is  known 
as  H(K)p  Side  (see  Map  in  Vol,  I.,  Plate  opp.  p.  248). 

Oil  the  north  side  of  tlie  Vale  of  Wardour  the  outcrop  is  very 
narrow,  owinjr  to  the  high  dii)8,  and  in  several  places  it  is  cut  out 
alto«^(»ther  l)y  tlie  fault  which  runs  along  this  tract.  Fi'om 
Mere  it  pjissea  noi-thward  to  the  valley  of  the  l^verill  and  uji  on  to 
Brimsdown  Hill,  iieiir  Maiden  Bradley ;  thence  eastward  to  the 
valley  of  the  Wily,  along  which  it  is  exposed  as  far  as  Staple  ford. 
It  forms  the  upi)er  slojxvs  of  the  hills  east  of  Heytesbury  and 
Warminster,  and  an  outlying  patch  of  it  forms  Cley  Hill,  three  miles 
west  of  Warminster.  ' 

From  We^tbury,  north  of  Warminstei-,  the  main  outcro])  of  the 
Middle  Chalk  runs  ea^jtward  along  the  esciU'pment  to  Lavington 
and  thence  still  eastward  along  the  southern  side  of  the  Vale  of 
Pewsey.  There  are,  however,  numerous  inliers  in  the  deep  valleys 
which  trench  the  chalk  of  Salisbury  Plain  south  of  the  main  escarp- 
ment, and  inlets  from  tlie  outer  tract  run  southward  up  the  valley 
which  breaches  the  esc^irpment  ridge  at  Lavington  and  also  dowTi 
the  valleys  of  the  Avon  and  the  0)llinglx)in-n. 

At  the  eastern  end  of  the  Vde  of  Pewsey  the  outcrop  of  the  Middle 
( 'halk  opens  tlm)ugh  a  gap  in  the  watei-shed  ridge,  and  thus  liecome.** 
continuous  with  the  cincture  of  Middle  Chalk  that  surrounds  the 
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Shalboiim  inlier.  From  the  gap  above  mentioned,  near  the  village 
of  Marten,  the  basset  surface  runs  westward  in  a  narrow  band  along 
the  north  border  of  the  Vale  of  Pewsey  as  far  as  Am  Hill. 
Near  that  spot  the  northerly  dip  becomes  less  steep,  and  this  division 
occupies  moi-e  space,  partly  in  the  form  of  three  outlying  tracts. 

North  of  the  valley  of  the  Kennett  it  spreads  out  over  the  broad 
area  of  the  Marlborough  Downs,  but  is  covered  here  and  there  by 
outliers  of  Upper  Chalk  and  of  clay  with  flints.  From  Ogboume 
St.  George  it  occupies  an  irregular  space  aroimd  the  inhers  and 
inlets  of  Lower  Chalk  near  Liddington  Wairen,  Wanborough  Plain, 
and  Biahopstone  Down. 

The  component  parts  of  the  Middle  Chalk  in  Wiltshire  are  similar 
to  those  of  the  same  stage  in  the  adjoming  coimties  of  Dorset  and 
Hampshire.  Tlie  Melbourn  Rock  has  its  usual  character  of  a  ha^, 
nodular,  chalky  limestone  from  5  to  10  feet  thick,  and  its  outcrop 
generally  forma,  a  feature  which  can  be  easily  traced  across  the 
country.  Tliis  is  succeeded  by  less  hard  nodular  chalk  passing  up 
into  firm-bedded  chalk,  and  the  higher  beds  (TerebratidiTui  zone) 
consist  of  massive  white  chalk,  firm  rather  than  soft,  in  the  upper 
part  of  which  there  are  generally  two  or  three  layers  of  black  flints. 

The  thiclaiess  of  the  Middle  Chalk  appeal's  to  increase  both  north- 
wards and  eastwards.  A  boring  at  Lower  Pertwood  Farm,  near 
Monkton  Deverill,  between  the  Vales  of  Wardour  and  Warminster, 
l)roved  it  to  be  there  only  80  feet  thick,  and  this  seems  to,  be  its 
thickness  along  the  northern  border  of  the  Vale  of  Wardour.  At 
Warminster  and  Westbury  it  is  about  90  feet,  but  eastward  along 
the  southern  border  of  the  Vale  of  Pewsey  it  thickens  till  at  the 
eastern  end  it  is  from  140  to  1 50  feet.  North  of  Devizes  it  thickens 
in  the  same  way  from  100  to  alx)ut  140  feet  west  of  Swindon. 

Fassils  are  not  abundant  in  the  Middle  C^halk  of  Wilts,  and  very 
few  were  fo\md  either  by  Mr.  Bennett  or  myself  dm*ing  our  mapping 
of  the  areas  described,  but  it  is  j)robable  that  most  of  the  usual  species 
would  l^e  obtained  from  some  of  the  ([uarries  if  the  workmen  were 
employed  to  look  for  them.  The  most  not^ible  exposures  will  now 
be  mentioned,  commencing  in  the  most  southern  part  of  the  county. 

Stratigraphical  Details. 

In  the  Vale  of  Broad  Chalk,  many  exposures  of  Middle  Chalk 
can  l3e  found,  but,  according  to  my  colleague,  Mr.  F.  J.  Bennett, 
thei-e  are  few  large  quarrias  in  it.  He  saw  the  Melbourn  Rock  at 
Broad  Chalk  at  the  top  of  a  quarry  north  of  Chalk-pit  House,  and 
again  in  the  road  south  of  Knighton. 

I  visited  Homington  and  Combe  Bisset  in  1890  ;  south  of  Hom- 

ington  I  found  a  quarry  in  the  zone  of  Bh,  Guvieri  showing  : 

feet. 
Hard  chalk,  broken  and  weathered,  with  two  layers  of  greenish 

marl.  Inoc.  mytiloides    -  6 

Hard  whitish  nodular  limestone        -        -       t        -    %^en  for    6 

4219.  Go 
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In  the  lane  leading  out  of  the  road  from  Homington  to  Cbmbe 
the  top  of  the  Lower  Chalk  (with  the  Belemnite  marl)  and  the 
overlying  Melbourn  Rock  are  well  seen.  At  Combe  Bisset  there  is  a 
large  pit  in  the  lower  part  of  the  Middle  Chalk  about  40  feet  deep  ; 
the  chalk  at  the  bottom  is  hard  and  contains  Ifwceramus  mytUaides  ; 
higher  up  it  is  tough  and  massive  with  several  layers  of  soft  marl, 
and  near  the  top  there  are  many  grey  flints.  The  beds  are  dipping 
to  the  north  at  about  4  deg. 

There  aie  no  good  quarry  sections  in  this  division  along  the  soutli 
side  of  the  Vale  of  Wardour,  but  the  whole  of  the  Middle  Chalk 
can  be  traced  in  the  roadway  ascending  Compton  Down ;  fii-st, 
the  I'ough  nodular  chjalk  of  the  Rhynchonella  Cuvieri  zone,  then 
the  firm  white  chalk  of  the  Terebrdtvlina  zone  overlain  by  the  hai'd 
rocky  beds  of  the  Chalk  Rock.^ 

Along  the  northern  border  of  the  Vale  of  Wardour  there  are  a 
few  places  where  the  zone  of  Rhyrvc,  Cuvieri  can  be  seen  in  spite  of 
the  high  dips. 

A  quarry  north-east  of  Baverstock  shows  about  25  feet  of  thi« 
zone,  hai*d,  rough  and  nodular  in  the  lower  part,  wliich  cannot  lie 
far  from  the  Melbourn  Rock.  The  two  common  fossils  were  found 
in  the  upper  beds,  and  the  dip  is  about  33  deg.  to  the  north-east. 

The  Melbouin  Rock,  passing  up  into  hardish  bedded  chalk  con- 
taining Rhynchoiiella  Cuvieri  and  Inoceramus  mytUoides,  is  also 
exjx>sed  in  a  small  pit  three-quarters  of  a  mile  north-east  of 
Dhitofi.  The  dip  here  is  about  20  deg.  north,  and  an  old  excavation 
close  by,  which  must  have  shown  the  Terdyratulina  zone  at  the 
Chalk  Rock,  is  still  exposed  at  the  northern  end,  dipping  at  45  deg. 

A  (juarry  half  a  mile  north  of  the  village  of  Ridge  shows  the 
follow  iii^  section,  the  lx>d8  dipping  at  about  15  deg.  to  the  north  : — 

feet. 

Hard  Ix'dded  whitish  chalk 15 

Kurd  yellowish  nodular  chalk  in  regular  beds,  with  several 
layers  of   marl 10 

Marked  layer  of  marly  chalk 

Hard  nodular  yellowish  chalk  (Mellx)urn  lUx-k)    -        -        -       5 

(Jreenish  fxrey  marl  and  marly  chalk G 

Talus  concealing  lower  Ix'ds. 

Tile  Melbourn  Rock  is  exposed  behmd  the  lime-kiln  of  the  quarry 
on  the  road  from  Ejist  Knoyle  toHindon,  and  in  the  quai-ry  itself 
there  is  at  the  Uise  2  feet  of  hard  cream-coloured  chalk,  overlain 
by  a  seam  of  greenish  marl ;  and  then  about  50  feet  of  firm  white 
clialk  in  thick  beds,  succeeded  by  Chalk  Rock  and  Upper  Chalk. 
The  total  thickness  of  Middle  Chalk  here  can  hardlv  l)e  more  than 
80  feet. 

The  whole  of  the  Middle  Chalk,  with  a  total  thickness  of  only 
79i  feet,  was  traversed  hi  a  lx)rmg  at  Lower  Pertwood,  a  farm 
IJ  mile  east  of  Monkton  Deverill;  the  boring  was  made  by  Mr. 
H.    J.   G.    Hole,  of    Poyntington,    Sherborne,    to  whom  I  am 
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indebted  for  the  particulars  given  below  and  for  samples  which 
enabled  me  to  identify  the  Chalk  Rock  and  the  Melbomai  Rock  :— 

feet. 
/Soft  but  lumpy  chalk  with  a  few  scattered  flii^ts 
I  Chalk  lumps  in  soft  chalk  with  some  layers  of  flints 


Upper 
Chalk. 


]  Beds  of  solid  chalk 


Middle 
Chalk. 

Lower 
Chalk. 


48 
36 
12 

8 
42 
29 

8A 
19 
82 


Chalk  Rock— Hard  rocky  chalk  in  three  beds 
Solid  soft  chalk  with  Hints  at  two  levels     - 
■  Solid  chalk  without  flints,  harder  below 
.Hard  chalk,  partly  very  hard  (Melbourn  Rock)- 

(Firni  chalk 

I  Marly  chalk  with  plenty  of  water  near  bottom    - 
Mr.  J.  Scanes,  of  Maiden   Bradley,  informs  me  that  between 
that  plaw  and  Mere  the  thickness  of  the  Middle  Chalk  api)ear8  to 
be  less  than  ()0  feet,  so  far  as  can  be  judged  from   the  levels  at 
which  the  two  rock-beds  crop  out  en  the  hill-slopes. 

The  hills  east  of  Waiininster,  which  are  crowned  by  Battles- 
bury  and  Scratchbury  Camps,  and  Cotley  Hill  near  Heytes- 
bury,  are  all  outhers  of  Middle  Chalk ;  the  Melboum  Rock  is  ex- 
IKJsed  in  a  small  pit  to  the  south  of  Scratchbury  Hiil.  Tlie 
main  outcrop  passes  beliind  these  hills,  and  the  outcrop  of  the 
Mellx)urn  Rock  lias  been  traced  in  and  out  of  the  numerous 
combes  and  valleys  which  trench  the  great  plateau  of  the  Chalk. 

From  near  Heytesbury  this  rock  has  been  mapped  along  each 
side  of  the  valley  of  the  Wily  as  far  as  the  village  of  Wily  and  the 
liandet  of  Deptford,  where  it  passes  beneath  the  river-alluvium. 

Mr.  F.  J.  Bennett  informs  me  that  the  rock  is  seldom  well  exposed 
in  the  Wily  ViUley,  but  he  saw  exposures  of  it  in  an  old  lane  south 
of  Boyton,  and  again  south  of  Sherruigton  in  an  old  trackway  lead- 
ing eastward.  Hai'd-bedded  chalk  which  probably  belongs  to  the 
zone  of  Rhynchondla  Cuvieri  is  to  be  seen  in  the  road  cutting  at 
Deptford  and  in  a  chalk-pit  by  Deptford  Field  Bam. 

A  good  section  of  nearly  the  whole  of  the  Middle  Chalk  is  exposed 
in  the  large  quarries  on  Arn  Hill,  north-east  of  Warminster.  This 
section,  measured  in  1899,  was  as  follows  : — 

feet. 


Zone  of 

IIol. 
planus. 


Zone  of 
Terehrata- 
lina. 


Zone  of 
Rhyiich, 
Cuvieri, 


Lumpy  or  nodular  white  chalk,  inaccessible,  but 

having  a  clearly-marked  base  line    -       about 

Chalk  rock  with    three    layers   of   green-coated 

nodules  and  some  scattered  flints,  passing  dow  n 

into  liard  nodular  white  chalk  -        -        -        - 

(/lean  white  chalk,  in  thick  beds     -        -        about 

White  chalk  between  two  lines  of  flint  nodules 

Firm  white  chalk  in  beds  2  or  3  feet  thick,  with 

marly  partings  ;   a  few  scattered  fhnts  in  the 

u|)per  piirt about 

Firm  white  chalk,  becoming  harder  below,  and 
passing  into  liard  chalk  with  much  Inoceramus 

shell about 

Very  hard  white    nodular    chalk   (top   of   the 
Melbourn  Rock)         -       -       -  seen  for 


15 


li' 


35 


30 


4219. 


About       98 
gg3 
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There  is  probably  another  8  or  9  feet  of  Melboum  Bock  below 

the  quarry  floor,  and  the  total  thickness  of  the  Middle   Chalk 

here  will  therefore  be  about  88  feet.    The  beds  dip  at  3  or  4  deg. 

to  the  north.     Prof.   Barrois  gave  an  account  of  this  section  in 

1876,*  but  the  thicknesses  he  assigns  to  the  several  beds  are  all 

too  great.    He  records  the  following  fossils  from  the  TerebratvliTia 

zone  :— 

Inoceramus  mytiloides.  Rhyachonella  Cuvierl 

„  Brongniarti.  Terebratulina  gracilis. 

Pinna  decussata. 

V 

The  large  quarry  on  Cley  Hill,  west  of  Warminster,  shews  a 
similar  section,  but  exposes  more  of  the  Melbom-n  Rock  at  the 
base,  and  the  total  thickness  appears  to  h%  rather  less.  Mr. 
Scanes  has  recently  made  a  careful  measurement  and  found  it  to 
be  about  78  feet. 

The  only  good  exposure  of  the  Middle  Chalk  near  Westburj'  is  in 
the  large  quarry  on  the  Long  River  Road.  The  weathered  face  neai" 
the  road  shows  about  8  feet  of  yellowish-white  chalk,  hard  nodular 
beds  altei'nating  with  soft  marly  layers  containing  loose  nodules  ; 
Inoceramus  mytiloides  and  Rhynchondla  Cuvieri  are  abundant. 
I  was  informed  by  workmen  that  the  pit  was  formerly  worked 
down  to  a  very  hard  rock,  and  that  the  lowest  layers  came  out  in 
large  blocks  weighing  over  a  ton  in  weight.  This  was  evidently 
the  Melbourn  Rock,  but  is  not  now  visible. 

On  the  inner  face  of  tha  quarry  the  beds  aie  more  ma88i\'e  and 
le«s  weathered ;  the  lower  part  is  hard  and  contains  some  Inoce- 
rami,  but  the  higher  beds  belonging  to  the  Terehratulina  zone 
are  difficult  to  reach.  The  height  of  this  inner  face  must  be  neai'l^' 
70  feet  above  the  floor  of  the  quarry.  The  total  thickness  of  Middle 
Chalk  here  must  be  from  90  to  100  feet,  as  the  outcrop  of  the 
Chalk  Rock  is  some  distance  above  the  top  of  the  quarry. 

The  outcrop  of  the  Melbourn  Rock  can  be  seen  in  most  of  the  road- 
ways which  ascend  the  escarpment  near  Mai'ket  Ijavington  and 
Urchfont,  but  there  are  no  good  exposures  of  the  overlying  beds 
along  this  tract.  Some  20  feet  of  the  Terebratulina  zone  are,  how- 
ever, exposed  below  the  Chalk  Rock  in  a  quarr}^  on  Redhom  Hill, 
south-east  of  Urchfont. 

Mr.  Bennett  found  an  exposure  of  the  Rhynchonella  Cvirieri  zone 
in  a  pit  about  two  miles  south  of  Marden  Church,  showing:— 

feet. 

Rather  soft  wliite  chalk  I 

Hard  nodular  chalk 5 

Sraooth  chalk,  passing  down  into  greyish  laminated  marl    -       J 

Hard  smooth  chalk 1 

Hard  nodular  chalk  in  two  beds,  separated  by  a  thin  seam  ot 
marl ---2 

From  these  beds  he  obtained  InoceraTmis  mytiloides^  Rhyndionella 
Cuvieri,  and  Discoidea  Dixoni. 

*  Recherches  sur  le  Terrain  Cr^t.  Sup.  p.  58 
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The  hard  nodular  chalk  of  the  Melboum  Rock  can  be  seen  in 
the  roadway  ascending  Cleeve  Hill,  south  of  Charlton,  and  the  Tere- 
bratvlina  zone  was  observed  by  Prof.  Barrois  in  several  quarries 
north  of  Enford  which  expose  the  usual  massive  white  chalk, 
with  thin  layers  of  marl,  and  he  obtained  Galerites  avbrotundns  and 
Inoceramus  Brongniarti.      (Kecherches,  p.  53.) 

A  good  section  of  the  Melbom*n  Rock  is  exposed  in  a  quaiTV  half- 
a-mile  north-east  of  Wooton  Rivers,  south  of  Marlborough,  and  I 
am  indebted  to  Mr.  F.  J.  Bennett  for  the  following  account  of  it  :~ 

feet. 
Hard  cream-coloured  nodular  chalk,  one  bed  near  the  base 
being  specially  hard  and  nodular  (Melboum  Rock\  about  -     12 

Soft  yellowish  marl ^ 

Hard  nodular  chalk 1 

Greyish  chalk  touched  below. 

The  beds  have  a  dip  of  28*"  to  the  north.  The  yellowish  marl  and 
hard  chalk  below  it  may  also  be  pai-t  of  the  Melbourn  Rock. 

North  of  Devizes,  the  central  pai-t  of  the  Rhy^ach.  (^uvieri  zone 
is  qum-ried  on  Windmill  Knowl,  the  pit  being  alx)ut  20  feet  deep, 
showing  thick  beds  of  hard  whitish  chalk  with  seams  and  streaks  of 
greenish  grey  marl ;  hiocerairms  mytUoides  is  the  prevalent  fossil. 
The  weathered  top  of  the  Melbourn  Rock  is  exposed  in  shallow 
pits  on  the  north  side  of  the  plantation  on  Roundway  Hill,  and  its 
outcrop  can  be  traced  all  round  the  top  of  King's  Play  Hill,  as  well 
as  round  the  larger  outliers  which  rise  into  Morgan's  Hill  and  Old- 
burv  Castle  south  and  east  of  Calstone. 

The  Tercbratulina  zone  is  quaiTied  on  the  western  slope  of  Old- 
bury  Hill,  the  pit  exposing  about  20  feet  of  massive  white  chalk, 
which  is  carted  down  to  Calstone  for  the  manufacture  of  whiting. 

My  colleague,  Mr.  F.  J.  Bennett,  informs  me  that,  notwithstand- 
ing the  extent  of  ground  covered  by  this  zone  in  the  country  to  the 
east  and  west  of  the  Marlborough  Downs,  the  beds  are  only  seen 
here  and  there,  and  no  very  good  sections  are  exposed. 

Along  the  line  of  the  Swindon  and  Marlborough  railway  the  Mel- 
bourn Ro3k  appears  to  te  faulted  down  against  Lower  Chalk  near 
Whitetield  Farm,  so  that  its  outcrop  is  not  traversed  by  the  railway. 
In  the  cutting  noitli  of  Ogbourne  Station  Mr.  Bennett  found  hai\l 
chalk  at  the  northern  end  overlain  southward  bv  15  feet  of  firm 
white  chalk,  somewhat  weathered  and  rubbly.  This  probably 
Ijelongs  to  the  ui)iDer  pai-t  of  the  Rh.  Guvieri  zone. 
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CHAPTER    XXXVl. 

THE     MIDDLE     CHALK     IN     BERKSHIRE,     OXFORD- 
SHIRE,  AND    BUCKINGHAMSHIRE. 

1.  Berkshire. 

From  Wiltshire  the  basset  surfiice  of  the  Middle  Chalk  passes 
into  Berkshire,  and  at  first  it  occupies  an  area  of  considerable  width 
south  of  Ashbury,  Woolston,  and  Kingston  Lisle.  Along  this  tract 
it  forms  the  summit  of  the  chalk  escarpment,  and  extends  south- 
ward down  the  valleys  which  open  into  that  of  the  Lambourn  nvei* 
to  and  bevond  the  town  of  Lambourn. 

From  Sparsholt  Down  eastward  the  summit  ridge  is  formed  of 
Upper  Chalk  resting  on  the  Chalk  Rock,  while  the  outcrop  of  the 
Middle  Chalk  is  restricted  to  the  slope  of  the  escarpment  and  to  a 
couple  of  narrow  inhers,  one  south  of  Childrey  Warren,  and  the 
other  at  the  head  of  the  Ilsley  Valley. 

South-east  of  Chilton  the  escarpment  is  traversed  by  the  valley 
of  an  old  river-course,  and  the  area  occupied  by  the  Middle  Clialk 
here  widens  out  again  and  forms  the  triangular  plateau  marked 
on  the  older  Ordnance  map  as  Blewberry  Plain.  Thence  it  passes 
round  Blewberrv  Hill  and  trends  south-eastward  into  the  valley  of 
the  Thames,  but  running  up  into  the  long  combes  which  open  east- 
ward toward  Moulsford  and  Streatlev. 

The  two  zones  of  the  Middle  Chalk  in  Berkshire  have  a  combined 
thickness  of  about  150  feet,  of  which  the  lower  50  or  00  feet  may 
lie  referred  to  the  Rhynchandla  Cuvieri  zone. 

STRATIGRAPmCAL  DETAILS. 

The  chalk  of  the  Terebratulina  zone  is  exposed  in  the  pathway 
west  of  the  "Horse"  on  Whitehorse  Hill,  and  consists  of  firm  white 
chalk  with  a  few  small  finger-shaped  fhnts.  .  Lower  down  there  is 
hard  chalk  with  much  Inoceramv^'&heW,  but  its  base  is  obscured. 
TheMellx)um  Rock,  however,  is  exposed  in  the  upper  pit  on  Blow- 
ing stone  Hill,  which  shows- 
feet. 

Hard  nodular  chalk 10 

Very  hard  nodular  rock,  mottled  with  greenish-grey,  seen  for      4 


rni 


'here  is  a  marked  plane  of  division  at  the  top  of  this  massive  rock- 
b^J,  but,  though  the  Lower  Chalk  was  exposed  at  the  entrance  to 
the  quarry,  the  thickness  of  the  rock  could  not  be  ascertained. 
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The  hard  nodular  chalk  of  the  Rk.  Cumeri  zone  can  figain  be  seen 
in  two  pits  near  Childrey  Lodge,  and  the  passage  from  this  zone  to 
that  above  is  exposed  in  a  pit  where  the  roads  branch  south  of 
Tietcombe  Biisset. 

South  of  Wantage  the  hard  chalk  of  the  Kh,  Cuvieri  zone  foniis 
the  promontory  on  which  the  workhouse  stands,  and  there  is  a 
pit  in  the  T erAratvlina  zone  south  of  the  workliouse. 

The  Melbourn  Rock  is  well  exposed  at  the  top  of  the  quarry  south 

of  Chalkhill  Barn,  two  miles  south-east  of  Wantage,  wliere  the  beds 

vi8il)le  in  1887  were— 

feet- 
Soil  and  rubble  of  hard  chalk 4 

Melbourn /Hard  compact  bedded  nodular  HH-k       -        -        -       5 

Rock.    (Very  hard  rough  nodular  rook       -        .        -        .       ;> 

Lower  Cliiilk.  — Marls  and  chalk  (see  p.  171)   -        -        -        -     22 

The  middle  paii.  of  the  RK  Cuvieri  zone,  full  of  I iiocerarwus 
mytii aides y  is  quarried  a  httle  higher,  by  the  side  of  Goddard's  Road. 

The  Melbourn  Rock  can  be  seen  in  the  railway  cutting  south- 
east of  Chilton,  near  Downs  Barn,  and  passes  up  into  hard  nodular 
chalk  which  includes  a  laver  of  hard  vellow  rockv  chalk. 

A  fairly  good  section  of  the  beds  al)ove  the  Melbourn  Rock  is 
exposed  in  a  quarry  on  the  liill  south  of  Upton.  The  beds  dip  at 
3°  or  4°  to  the  S.S.W.,  and  about  30  feet  must  be  seen.  Tlie  highest 
part  is  firm  and  fairly  compact,  becoming  yellowish  and  nodular 
l)elow,  an*d  passing  Ao\xi\  into  hard  nodular  chalk  which  Ls  part  of 
the.Mellx)urn  Rock  ;  the  base  of  this  is  not  seen,  but  the  lowest  bed 
is  very  hard,  rough,  and  mottled  A\ith  greenish  marl.  In  the  higher 
Ijeds  Iiwccramua  mytiloides  is  abundant,  with  Rhynchonella  Cuvieri 
and  Terehratvla  semiglobosa. 

Along  Whiteshoot  Road,  leading  from  Blewbury  to  Woodway 
Farm,  portions  of  the  Terebratvlina  zone  are  exposed  in  a  succession 
of  small  excavations  made  to  carry  off  the  rainwater ;  they  show 
lirm  white  homogeneous  chalk  with  thin  seams  of  gi'eyish  marl,  but 
netu*  the  farmstead  the  chalk  becomes  harder  and  weathers  out 
into  hard  rough  lum[)s. 

Kingstanding  Hill,  west  of  Moulsford,  is  part  of  a  long  spur 
of  Middle  Chalk.  The  Terebratulina  zone  is  exposed  by  the  roadside 
about  50  feet  below  the  outcrop  of  the  Chalk  Rock,  and  I  found 
Terebratulina  gracilis  var.  UUa  and  Discoidea  minima  in  soft 
white  chalk.  Down  the  slope  of  the  hill,  on  the  road  to 
Streatley,  the  harder  chalk  of  the  Rhynch.  Cuvieri  zone  can  Ije 
seen  with  the  outcrop  of  the  Melbourn  Rock. 

South  of  Moulsford,  in  the  valley  of  the  Thames,  the  nodular 
chalk  of  the  Rh.  Cuvieri  zone  forms  a  well-marked  ridge  and  seems 
to  be  faulted  against  the  Lower  Chalk,  for  it  runs  in  a  nearly 
straight  line  between  the  two  main  roads  striking  a  little  north 
of  east.    An  old  quarry  about  half  a  mile  south  of  Moulsford 
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exposes  hard  yellowish  lumpy  chalk,  which  is  probably  not  far 
above  the  Melbourn  Rock,  but  is  much  weathered  and  disinte- 
grated.   No  fossils  were  found. 

A  quarry  just  north  of  Streatley  shows  about  30  feet  of  the 
Terebratidina  zone,  the  chalk  being  firm  and  white  with  a  few 
scattered  flints  in  the  highest  part ;  from  this  pit  Prof.  Barrois 
obtained  Ostrea  i^s^ieiUaris,  Spondylus  siniwsu^!,  and  fragments  of 
Inoceramus 

2.     OxFOKi)  AND  Bucks. 

It  will  lx»,  convenient  to  describe  the  Middle  Chalk  of  these  two 
counties  together,  because  this  division  crosses  their  narrowest 
parts  where  they  liave  a  combined  width  of  only  about  26  miles, 
and  because  certain  inlying  tracts  include  pails  of  both  counties. 

The  general  succession  and  asj^ect  of  the  Ijeds  is  similai*  to  those 
of  the  Middle  Chalk  in  Berkshire.  The  Melbourn  Bock  rises 
from  the  alluvium  of  the  Thames  near  Cleeve  Mill,  north  of  Goi'ing. 
Thence  it  passes  north-eastward  and  ferms  a  conspicuous  feature 
or  ridge  in  iulvance  of  the  main  e^scarpment  as  far  as  Wat- 
lington  and  I^ewknor.  Beyond  that  place  its  outcrop  retreats 
to  the  foot  of  the  main  escarpment.  The  Chalk  Rock  and  its 
associated  l^eds  rise  from  the  Thames  near  AA'hitchurch  and  mount 
to  higher  and  higher  levels  as  they  pass  north-eastward  till  they 
reach  a  height  of  Ijetween  TOO  and  800  feet. 

The  chalk  which  lie^j  l)etween  these  two  bands  of  hard  rockv 
chalk  occupies  an  area  of  some  width  between  Ipsden  and  Wat- 
lington,  but  the  tract  then  becomes  much  narrower  until  it  reaSlies 
the  vallev  of  the  Ix)ud water. 

In  Buckinghamshire  the  €\scarpment  of  the  Chalk  is  breached 
by  the  heads  of  several  \alleys  that  drain  south-Ciistward  into  the 
Thames,  and  along  th(»se  valleys  the  Middle  Chalk  is  exposed 
for  long  distances.  Thus,  in  the  vfilley  of  the  Ix)ud water.  Middle 
Chalk  is  exposed  along  its  whole  length  from  near  Risboroiigh 
to  its  junction  with  the  valley  of  the  Thames. 

Flints  occur  throughout  the  Terebratulina  zone,  chiellv 
along  a  few  definite  places  which  are  some  distance  a])art 
vertically,  and  they  are  only  sparsely  disti-ibuted  along  these  planes. 

It  is  rather  remarkable  that  in  passing  across  the  valley  of  the 
Thames  the  Middle  Chalk  shows  a  sudden  and  considerable  in- 
crease of  thickness.  In  Berkshire,  west  of  Moulsford,  the  thick- 
UHSs  cannot  be  more  than  160  feet,  w^hile  on  the  Oxford  side,  near 
Ipsden,  it  is  at  least  200  feet ;  of  tliLs  about  60  feet  may  be  assigned 
to  the  zone  of  Ilk.  Cuvieri  and  about  140  feet  to  the 
Terebrutulinu  chalk. 

In   Buckinghanishii-e   its   total   thickness   appears  to    hv    from 
200  to  220  feet,  and  it  is  apparently  the  upper  zone  which   thus 
increiises  in  thickness.     As  stated  on  ]).  362,  we  now  include  in 
this  zone  those  beds  below  the  Chalk  Rock  which  were  referred 
to  the  zone  of  Holaster  planus  in  the  Memoir  on  the  Geology  of 
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London  (1889,  p.  66).  These  consist  of  solid  and  massive  chalk, 
which  near  the  top  passas  up  into  harder  and  rougher  nodular 
chalk. 

Stratigraphical  Details. 
Zone  of  Bhynchonella  Cuvieri. 

Part  of  this  zone  is  exposed  in  an  old  pit  about  30  feet  deep  by 
the  side  of  the  Thames  at  Goring,  but  is  much  weathered.  The 
looser  parts  are  decomposed  into  rubbly  yellowish  chalk,  while 
lenticular  masses  of  hard,  shelly  chalk  project  from  the  face  of  the 
pit.  Rhyncfionella  Cuvieri  and  Inoceramus  mytiloides  are  common ; 
Cidaris  dissimilis  (a  test),  Galerite^  svbrotunduSy  and  Terebratvlina 
gracilis  var.  lata  were  also  found.  Similar  chalk,  but  in  more 
massive  beds,  very  hard  and  resembling  the  top  of  the  Melbourn 
Rock,  occui'  at  the  level  of  the  water  near  Cleeve  Mill. 

At  the  north  end  of  the  Temple  grounds,  where  one  would 
expect  to  find  still  lower  beds,  there  is  a  quarry  which  appears 
to  show  the  junction  of  this  zone  with  that  of  Terebratvlina,  viz.  :— 

feet. 

Soil  and  rubble 2-4 

Soft  white  chalk  with  finger-like  flints  -        -        -   •     -        -       8 
Hard  rocky  yellowish  chalk  with  Inoceramus  mytiloides     -  10-14 

About      24 

Between  this  and  Wathngton  there  are  no  good  sections,  but 
a  quarry  east  of  Watlington  Farm  shows  the  greater  part  of 
the  zone  ;  its  upper  level  being  from  25  to  30  feet  deep  in  hard 
whitish  chalk  without  flints,  but  yielding  Galerites  svbrotundvs ; 
the  lower  level  shows  24  feet  of  hard  yellowish-white  chalk  with 
bands  of  loose  nodular  chalk.  Inoceramus  mytiloides  and  Rhyn- 
chonella  Cuvieri  are  abundant,  except  near  the  bottom,  where 
the  chalk  is  very  hard  and  is  approaching  the  Melbourn  Rock. 

Another  good  section  at  about  the  same  horizon,  but  showing 
rather  an  unusual  succession  of  beds,  is  exposed  in  a  quarry  opened 
in  a  field  three-quarters  of  a  mile  east  of  Shirburn,  the  section 
seen  in  1886  being  :  — 

feet. 

Hard  nodular  rcx;ky  chalk  without  distinct  bedding,  weather- 
ing into  irregular   lumps   -        -        -        -  -        -     14 

Hard  compact  rock,  breaking  into  large  blocks    -        -        -       4 

Hard  rocky  chalk  in  one  bed,  but  having  a  central  nodular 
or  concretionary  band  -        -    ,  -        -        -        -        -        -       Ij 

Compact  chalk  in  thin  beds,  smooth  and  brittle,  with  marly 
partings         -- 3 

Grey  marl  containing  lumps  of  hard  white  chalk,  large  and 
small,  some  green-coated J 

Hard  compact  chalk  in  thick  massive  beds  ;  may  be  top  of 
Melboiu'n  Rock seen  for      4 

27 
The  Melbourn  Rock  can  be  seen  overlying  the  Belemnite  Marl 

in  the  road  cutting  half  a  mile  south-east  of  Crowell. 
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Passing  into  Buckinghamshire,  the  base  of  the  Melboum  Bock 
is  exposed  in  a  small  pit  by  the  farm  called  Brimmers,  south  of 
Princes  Risborough,  about  6  feet  of  hard  rough  nodular  rock 
being  seen  in  1885. 

A  complete  exposure  of  the  Melboum  Bock  is  shown  in  the 

quarry  near  Butler's  Cross  or  Chalkshire.    The  details   of    the 

Lower  Chalk  here    have    been  given   on  p.  179  ;  those  of  the 

Middle  Chalk  are  aa  follows  :  — 

feet 
Soil  and  thin-bedded  chalk,  with  a  few  nodules    -       -       -       « 
(  Marly  chalk  with  loose  nodules  and  a  layer  of  hard 

white  compact  rock     -       -       -       -       --       1^ 

Hard  rough  yellowish  nodular  rock  in  two  l)ed8,  with 
a  layer  of  greenish-grey  marly  chalk  between  3} 


Laminated  marly  chalk 


\ 


Hard  whitish   rock,  with   many   layers   of   small 

nodules,  in  three  beds 5 

Lower  Chalk-        -  €4 

The  upper  pai*t  of  the  Rhync,  Cuvieri  zone  is  exposed  in  the 
quarries  at  the  east  end  of  Bacombe  Hill,  west  of  Wendover ;  it 
is  hard,  cream-coloured,  and  lies  in  fairly  regular  beds.  The  lower 
beds  and  the  Melboum  Rock  can  be  seen  in  the  road-cutting 
nearer  Wendover. 

Between  Wendover  and  Tring  these  beds  are  seen  in  a  quarry 
on  \ATiite  Hill,  a  mile  north-east  of  Halton ;  the  lowest  conaiat 
of  hard  nodular  yellowish  chalk  with  partmgs  of  shaly  marl  and 
contain  Rhynchonella  Cuvieri  above  are  thick  l^eds  of  hard  heavy 
chalk  crowded  in  some  places  with  fragments  of  Inoceramus 
mytiloides.  Galerites  subrotundiis  also  occurs.  The.se  l)eds  pass 
up  into  the  chalk  of  the  overlying  zone. 

The  Melbourn  Kock  is  clearly  exposed  in  a  quarry  by  the  side 
of  the  main  road  east  of  Buckland  Wharf,  the  succession  seen 
in  1884  being  :  — 

feet. 
Rubbly  chalk,  passing  down  into  hard  yellowish  nodular  chalk 

witli  Rhynch.  Cuvieri 8 

Hard   and    massive     yellowish     n>ck,  rough    and 
Mel-       I       nodular  on  a  weathered  face  -        -        -       4 

Ixourn      ,  Thin  parting  of  grey  marl. 
Rock.      I  Hard     yellowish    rock     enclosing     several    layers 

'       of  small  nodules 4 

Lower     f   Belemuite  Marls  (see  p.  181). 3 

Chalk.     I  White  blocky  chalk 10 

Terebratulina    Zone. 

The  best  exposure  of  the  Terebratulina  zone  in  Oxfordsliire 
is  a  quarry  near  Potter's  Farm,  nearly  three  miles  east  of 
Wallingford.  The  lower  level  shows  about  15  feet  of  soft 
white  blocky  chalk,  with  a  few  large  scattered  flints : 
about  3  feet  from  the  top  is  an  irregular  layer  of  grey  laminated 
marly  chalk.  The  upper  level  was  disused  and  talused  in  1886. 
The  chalk  is  burnt  for  lime. 
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The  highest  beds  of  the  zone  are  exposed  in  Garson's  Lane, 
about  a  mile  E.S.E.  of  Ipsden  House,  and  not  far  below 
the  outcrop  of  the  Chalk  Rock.  They  consist  of  tough  white 
chalk  in  solid  beds,  with  a  band  of  soft  chalk  containing  many 
shells  of  an  Inoceramus  (probably  young  /.  Cuvieri). 

There  is  a  pit  in  the  middle  or  higher  part  of  this  chalk  in  the 
combe  north  of  Wathngton  Hill,  and  another  below  Bald  Hill 
south-east  of  Lewknor :  both  show  firm  white  blocky  chalk  with 
out  flints.  Similar  chalk  has  been  quarried  by  the  road  north-east 
of  Kingston  Grove  and  by  the  side  of  the  London  road  up  Aston 
Hill ;  these  pits  have  yielded  Spondylus  spinosuSy  Inoceramus 
Cuvieri,  Terebratula  semiglobosa,  and  Ventriculites  Tnammillaris. 

There  are  few  good  exposures  of  this  zone  in  Bucks.  The  beds 
which  form  a  passage  between  the  two  zones  are  exposed  in  the 
upper  level  of  the  quarry  on  White  Hill,  near  Halton  (see  p.  460 ). 
They  consist  of  rather  soft  but  firm  white  chalk  containing  Galer- 
ites  subrotundiLS  and  large  Terebratula  semiglobosa.  About 
twenty  feet  are  seen,  and  flints  occur  rarely ;  only  one  small  oval 
one  was  exposed  at  the  time  of  my  visit. 

There  are  two  small  exposures  near  Tring,  one  about  half  a 
mile  south-east  of  Tring,  and  another  in  the  higher  part  of  the 
zone  south-east  of  Aldburv. 

The  highest  beds  of  the  Terebratulina  zone  can  be  seen  at  several 
places  in  Oxfordshire  and  Buckinghamshire  where  the  Chalk 
Rock  is  exposed.  Thus  a  few  feet  of  it  are  seen  in  the  quarry 
on  Risborough  Hill,  and  some  10  or  12  feet  of  smooth  blocky 
white  chalk  are  exposed  in  a  smaller  quarr}'^  at  a  little  lower  level. 
At  Great  Missenden  nearly  30  feet  of  this  zone  are  visible  below 
the  Chalk  Rock,  the  section  being  :— 

feet. 
.  Chalk  Rock  Beds  (for  details  see  Volume  HI.)         -       -       -     11 

White  chalk  in  thick  beds 7 

Soft  chalk  lyin^  botweea  two  thin  layers  of  marl   •        -        -       2 
Soft  white  chalk  in  thick  beds,  with  a  marly  layer  at  the 
bottom 20 

The  two  thin  seams  of  marl  are  seen  again  in  the  same  position 
in  a  pit  east  of  Havenfidd  Lodge,  north  of  Missenden,  and  again 
in  a  lane  leading  from  Wendover  Dean  to  Bowood. 

There  are  also  some  good  exposures  in  the  inlying  tract  of  Middle 
Chalk  near  Henlev.  About  40  feet  of  solid  white  chalk  in  thick 
beds  are  shown  in  a  large  quarry  west  of  Medmenham  overlain 
by  Chalk  Rock.  It  is  also  well  shown  and  easily  accessible  in 
a  quarry  north  of  Greenland  Lodge  on  the  road  to  Henley  ;  here 
at  least  30  feet  are  seen  of  similar  massive  chalk  without 
flints,  but  including  a  thin  layer  of  soft  marl  about  5  feet  below 
the  Chalk  Rock.  Mr.  Hill,  when  at  the  Medmenham  quarry 
in  1899,  found  that  this  massive  chalk  was  being  quarried  for 
building  material. 
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CHAPTER  XXX\ai 

THE  MIDDLE  CHAT^   IN   BEDFORDSHIRE  AND 

HEllTFORDSHIRE. 

General  J  )escription. 

The  tract  described  in  this  chapter  extends  from  Tring  and 
Berldiampstead  on  the  west  to  the  country  south  of  Royston 
on  the  east,  a  distance  of  about  30  miles.  It  includes  a  small 
portion  of  Bucks,  for  between  Tring  and  Dunstable  the  boundaries 
of  the  three  counties  are  very  irregular. 

The  Mellx)urn  Rock  forms  a  conspicuous  and  continuous  feature 
all  along  this  tract,  but  the  width  of  ground  occupied  by  the  over- 
lying beds  varies  very  considerably.  Between  Tnng  and  Hitchin 
the  escarpment  is  deeply  trenched  by  the  heads  of  several  vaUeys 
which  drain  to  the  south-east,  so  that  the  higher  part  of  the 
escarpment  is  divided  into  a  succession  of  bold  hill  ranges  sepa- 
rated by  broad  and  deep  depressions.  The  upper  beds  of  the 
Middle  Chalk  (those  which  underlie  the  Chalk  Rock)  pass  into 
these  valleys,  and  run  down  them  for  long  distances,  because 
the  general  inclination  of  the  strata  is  very  little  greater  than 
the  slope  of  the  valley  floors. 

Thus  in  the  valley  of  the  Bulbourne  the  Middle  Chalk  runs 
down  as  far  as  Box  Moor  :  in  the  valley  of  the  Gade  it  runs  to 
Hemel  Hempstead. 

From  alx)ve  Dunstable  it  passes  into  the  valley  of  the  Ver,  and 
extends  to  near  Redbourn. 

Through  these  counties  the  Middle  Chalk  occupies  a  consider- 
able width  of  ground,  not  because  it  is  any  thicker  than  in  Buck- 
inghamshii'e,  but  because  the  escarpment  of  the  Chalk  di\ddes 
itself  into  two  portions,  a  lower  slope  crowned  by  the  Melbourn 
Rock  and  an  up|)er  slojx?  crowned  by  the  Chalk  Rock  and  a  vari- 
able thickness  of  Upper  Chalk.  Between  these  slopes  there  is 
generally  a  plateau  formed  by  the  chalk  of  the  Rhynckandla 
Uuvieri  zone  and  the  lower  part  of  the  Terebratulina  zone. 

The  estimated  thicknesses  of  the  zones  are  as  follows  :— 

feet. 
Zone  of  Terebratulina  gracilis,  var.  lata            -        about    160 
Zone  of   Rhynchonella  Cuvieri  (including   the   Melbourn 
Rock) 60 

Up  to    -     220 


-     6 

0 

-     3 

0 

-     0 

6 

-     2 

0 

-     0 

2-4 

-     8 

0 

About  26 

0 
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Stbatigbaphical  Details. 
Zone  of  Bhynchonella  Cuvieri. 

Tring  stands  upon  the  chalk  of  this  zone,  but  no  good  exposure 
of  it  was  seen  near  this  town.  About  two  miles  to  the  north- 
east, however,  by  the  house  called  "  The  Folly,''  a  quarry  shows 
its  upper  beds ;  the  highest  bed  is  white  and  contains  a  layer 
of  black  flints,  the  next  9  feet  consist  of  massive,  slightly  yellowish 
or  cream-coloured  chalk  with  many  fragments  of  Inoceramus, 
while  the  lower  6  feet  are  beds  of  hard  nodular  chalk  full  of  Inoce- 
ramus  mytiloides  and  Rhyncfionella  Cuvieri. 

The  lower  part  of  the  zone  is  exposed  in  a  pit  south  of  Ivinghoe 
and  east  of  Pitstone.    (See  Fig.  43,)    The  section  here  in  1884  was  : 

ft.  in. 
Hard  yellowish  nodular  chalk,  with  Inoceramus  mytiloides 
and   Rhynchonella   Cuvieri 60 

iT^  .i^„_„  rVery  hard  nodular  rocky  chalk,  full  of  small 
i  iu.ei  Doum  J  J   1        •  1  i_  J 

Rock     1     i^<>^^"^»  1^  several  beds       -        .        -        . 
I  Very  hard  yellowish  nodular  chalk 

(Layer  of  buff-coloured  marl     - 
Hard  whitish  chalk,  passing  into  next 
Greenish  shaly  marl,  with  AcU  plenus 
Softer  dull  white  chalk,  up  to 


The  beds  are  dipping  at  an  angle  of  about  3"  to  the  south  east. 

The  Mel  bourn  Rock  is  also  exposed  in  a  pit  three-quarters  of  a 
mile  south-west  of  Eddlesborough  church,  and  in  another  pit  by 
the  side  of  the  road  to  Dagnal,  one  and  a  quarter  mile  south-east  of 
Eddlesborough. 

The  hard  chalk  of  this  zone  forms  the  base  of  the  plateau  of 
Maiden  Bower,  west  of  Dunstable,  and  there  are  three  small  out- 
liers of  Melboum  Rock  between  it  and  the  great  tumulus  of  Tot- 
temhoe  ;  there  are  no  open  sections  at  present,  but  the  large 
quarries  at  Totternhoe  may  l)e  eventually  cut  back  into  the  base 
of  the  Rock. 

The  next  good  exposure  of  this  rock  is  in  the  quarry  by  the 
side  of  the  railway  near  Leagrave,  noith-west  of  Luton.  This 
quarry  has  been  mentioned  on  p.  191  ;  the  lowest  bed  of  the 
Melbourn  Rock  is  a  massive  bed  3  feet  thick  of  very  hard 
nodular  chalk  and  the  next  5  feet  are  nearly  as  hard,  but  form 
thinner  beds  with  marly  partings.  The  rock  is  nearly  white 
when  quarried,  but  weathers  to  a  creamy  yellow  tint. 

West  of  Streatley  the  Melbourn  Rock  and  Rh,  Cuvieri  chalk  form 
a  fine  and  bold  piece  of  country,  running  out  into  many  pro- 
montories which  are  separated  by  deep  and  picturesque  combes 
and  valleys.  It  is  evident  that  the  hard  rocky  chalk  has  protected 
the  softer  lower  chalk  but  has  been  itself  trenched  by  the  action 
of  rain-streams  flowing  oft'  the  higher  slopes  of  the  escarpment. 
The  rock  is  exposed  in  a  pit  three-quarters  of  a  mile  south-west 
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of  Porton,  about  7  feet  of  hard  nodular  chalk  being  seen  with 
a  marked  plane  of  division  at  the  top,  above  which  are  several 
feet  of  shelly  chalk  with  fewer  nodules. 

The  best  exposure  of  the  Bhyihchxriidla  Gumeri  zone  in  this  dis- 
trict is  in  the  cutting  and  quarries  by  the  side  of  the  line  south  of 
Hitchin  Station.  The  quarries  are  carried  do^\al  below  the  level 
of  the  line,  and  are  sometimes  worked  down  to  the  bottom  of  the 
Melboimi  Rock.    The  succession  is  as  follows  :  — 

feet. 

Soil  and  chalk  rubble -4 

Firm  white  chalk  with  Gcderites  svhrotundus,  and  a  layer  of 

flints  at  base -6 

Firm  whitish  chalk   with  much  Inoceramus  shell,   GaUrites 

subrotundus  and  Rhynch,  Cuvieri 14      . 

Harder  white  chalk  with  Rhynch,  Cuvieriy  Inoceramus  myti- 

hides,   and    TerehrattUa  semiglobosa lO 

Hard  white  nodular  chalk  with  the  same  fossils,  and  also 

Discoidea  minima  and  Cardia^ter  pygmasus  -        -     10 

Very  hard  nodular  yellowish  rock  with  Rhynchonella  Cuvierif 

top  of  Melbourn  Rock -        -4 

Helow  this  there  is  said  to  be  hai*d,  nodular,  greenish-grey  rock 
alx)ut  G  feet  thick,  making  the  whole  about  50  feet  thick,  but  a« 
the  highest  bed  is  rather  soft  homogeneous  chalk,  and  neither 
Rhytvchotidlce  nor  hwcerami  are  common  in  it,  the  layer  of  fhntti 
may  be  regarded  as  the  top  of  this  zone. 

The  lower  part  of  the  zone  is  again  seen  in  the  large  quarry  at 
Ashwell,  and  the  beds  exposed  are  :  — 

^  feet. 

Hard  but  brittle  yellowish  chalk,  with  many  Rhynch, 

Cuvieri  and  Inoc,  mytiloides         -        -        -  -     10 

Brittle  homogeneous  chalk  (4  in.)  breaking  verticiilly 
Middle  J      into  oblong  blocks,  resting  on  soft  shaly  chalk      -       2 
Chalk.   I  Hard  chalk  with  nodules,  weathering  into  layers 

Softer  yellowish  shaly  chalk,  breaking  into  lenticular 

hnups,  some  nodules  - 2 

Hard      rocky     (;lialk,     weathering    yellowish,     with 

V    a  rough   nodular  surface 3^ 

(Soil  greenish-grey  chalk 2* 

Lower  )  Hard  white  chalk  --------       i 

Chalk,   "l  Greenish -grey  shaly  chalk 1 

^Blocky  whitish  chalk 30 

The  thi^ee  lowest  of  these  beds  re])resent  the  Mellx)urn  Kock, 
but  the  slialy  chalk  in  the  middle  Ls  very  unusual  at  this  horizon. 

Terebratulina  Zone. 

The  highest  beds  of  this  zone  are  exposed  in  the  quaiiy  by  the 

Cliiltern  Waterworks,  two  miles  south-west  of  Tring,  the  section 

}i8  seen  in  1884  behig  :  — 

feet. 

Chalk  rock  (seen  in  one  corner)    ------  g 

Hard  white  nodular  chalk .  8 

Thin  layer  of  marl. 

Firm  even  white  chalk 11 

Thin  layer  of  marl. 

Firm  white  chalk,  massive     -        -        -.       -        -        -        -  8 
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Part  of  this  zone  is  exposed  in  the  Quarries  at  Coldharbour,  near 
Dunstable.  The  upper  level  of  the  chief  quarry  shows  about 
30  feet  of  niaasive  white  chalk  with  a  layer  of  buff-coloured  shaly 
inarl.  The  apparent  bedding  is  really  cm-vilinear  jointing,  for  the 
planes  curve  and  run  into  one  another.  There  are  no  flints,  and 
the  chalk  is  used  in  the  manufactm*e  of  whiting.    Fossils  ai'e  rare. 

Another  good  section  occurs  at  the  Lime  and  Whiting  Works, 
half-a-mile  north-east  of  Luton  Station.  There  are  three  levels  to 
the  quarry  and  they  give  a  combined  section  through  about  60  feet 
of  chalk,  the  whole  being  rather  soft  homogeneous  white  chalk 
with  a  few  scattered  flints  and  two  layers  of  grey  marl  in  the  centi-al 
part.  Crolerites  svbrotundus  is  common;  Inoceramus  Guvieri, 
Sixnidylus  syiiwsus,  and  Terebratula  semiglobosa  also  occur. 

The  chalk  of  this  7X)ne  occupies  a  large  area  near  Hitchin,  and  a 
good  section  of  its  lower  beds  are  exposed  in  Mr.  Ransome's  quarry 
near  the  railway  station,  which  is  a  continuation  of  the  section 
given  on  p.  464  ;  above  the  beds  there  noted  there  is  about  70  feet 
of  soft  white  chalk  with  a  few  scattered  flints,  but  no  regular  layer 
of  flints,  except  that  near  the  top  of  the  underlying  zone.  Galer- 
ites  subrotuTtdiis  and  large  Terehratvla  semiglobosa  are  conmion, 
with  Terebratulina  qracUis  var.  lata^  Ptychodus  decurreiis  and 
other  fossils.  Another  pit  in  the  fields  further  south  shows 
rather  higher  beds  of  soft  chalk  contaming  Spondylus  spinosusy 
which  does  not  seem  to  occm-  in  Mr.  Ransome's  quarry. 

A  quarry  a  quarter  of  a  mile  south  of  Little  Wymondley  shows 
15  feet  of  soft  white  chalk,  with  a  band  of  grey  marl  and  a  layer 
of  flints  above  it ;  Spondylus  spirwsus,  Inoceramus  Guvieri  ?  and 
Terd)ratyJa  semiglobosa  occur*  here. 

The  lower  beds  of  this  zone  are  to  be  seen  in  a  quarry  about  a 
mile  W.S.W.  of  Baldoc*.k,  which  shows  soft  white  chalk  without 
lliiit»s,  but  including  a  Ixind  of  nodular  chalk  with  yellow  stains ; 
the  soft  chalk  contjiins  Tcrel)ratulina  gracilis  var.  lata,  Ter, 
striata,  small  Rhyivchonella  Guvieri,  and  other  fossils. 

Higher  beds  with  a  few  flints  and  Inoceramus  Guvieri  are  seen  in  a 
j)it  south-east  of  Baldock. 

There  are  two  quarries  in  this  zone  near  Royston,  one  east  and  one 
south-west  of  the  town.  That  to  the  eastward  is  the  deepest,  and  the 
beds  shown  are  :  — 

feet. 
Thin-bedded  chalk  with  scattered  root-like  and  elongate  flints     12 
Layer  of  grey  shaly  marl. 
Massive  thick-bedded  chalk,  with  a  line  of  scattered  flints  at 

the  top 16 

Layer  of  irregular  knobby  flints. 

Thick-bedded  whit©  chalk       -  -----       8 

Si)ondylus  spinosu^  and  Discoidea  Dixoni  were  obtained  here. 
The  other  quarry  is  not  more  than  25  feet  deep ;  it  shows  similar 
white  chalk,  with  some  flints  and  a  thin  layer  of  grey  marl.  Spondy- 
lus spinosus  occurs  here  also  with  Inoceramus  Guvieri  and  Tere- 
hratula  semiglobosa. 
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List  of  Fossils  from  the  Middle  Chalk  in  Bedfordshire 

AND  Hertfordshire. 

The  following  list  has  been  compiled  from  sevei^al  som*ces,  and  the 
particulars  as  to  localities  and  collectors  are  given  below. 

Of  the  species  from  the  Rh.  Cuvieri  zone,  those  numbered 
1  are  from  the  quarry  near  Pitstone,  mentioned  on  p.  463,  and 
were  obtained  by  Mr.  J.  Rhodes,  the  fossil  collector  of  the  Geological 
Survey. 

Those  numbered  2  arA  from  the  quarry  by  Hitchin  Station.  They 
were  collected  at  various  times  by  Mr.  W.  Hill,  and  were  identified 
by  me.  This  list  includes  most  of  the  characteristic  zonal  fossils, 
and  the  assemblage  is  similar  to  that  in  the  same  zone  at  Dover. 

Column  3  includes  a  few  species  foimd  by  myself  at  Ash  well. 

Of  the  fossils  from  the  Terebratidina  zone,  those  indicated  by  the 
figure  1  are  species  found  by  Mr.  Rhodes  at  Coldharbour  quany, 
near  Dunstable. 

The  second  column  shows  those  found  in  this  zone  near 
Luton.  Most  of  the  specimens  are  in  the  collection  of  Mr.  J. 
Saunders  and  were  named  by  me,  but  a  few  were  obtained  by 
Ml-.  Rhodes,  and  were  named  by  Messrs.  Sharman  and  Newton. 

Those  numbered  3  are  from  Hitchin,  and  were  collected  by  Mr. 
Hill  from  the  beds  above  the  first  liue  of  flints  in  the  quarries  by 
the  railway,  and  in  Mr.  Ransome's  quairy  further  south. 

Those  numl)ered  4  were  found  by  myself  in  the  two  quarries 
near  Baldock. 


Pisces. 

Lanma  appendiciilata,  Ag.     - 

Oxyrhina    Mantelli,  Ag.        -        -        .        . 

Ptychodiis    deciirrens,    Ag. 
„        latis8Lmu8,    Ag.       - 
„        mainniillaris,     Ag.  - 

Fish    remains  .        .        -  .        . 

Cepfuilopoda, 
Am.  [Pachydiscus]  peramplus,  ManU 
Rbyncliolite  (of  Nautilus)     -        - 

Lamell  ibranch  lata . 
Avicula  sp.  (smooth)  _        .        _        . 

Exogyra  haliotoidea,  Sow.     -        -        -        - 
Inoceraraus    mytiloides,    Sow. 

„     var.    problematica,    (TOrh. 
Cuvieri,   Sow.      -        -        -        - 
Lamarcki,    Park. 
sp.  (sauare,  smooth)  - 
Lima  granosa,  Goldf. 


Zone  of 

Rhyn. 

Cuvieri. 


Terebratulina 
Zone. 


_     o 
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Ostrea    normaniana,    iVOrb, 

„  vesiciilaris,  Lam. 
Radiolites  Mortoni,  Mant. 
Spoiulylns  spinosus,  Sow. 
la t lis,  Sow.    - 


» 


Brachiopoiia. 
Rhynchonolla  Ciivieri,  d'Orh. 

„  „     (small  vur.)  - 

sp.     -        -        - 
Torobratula   somiglolKwiJi,    Sow. 
Tf'n'hratuliiia  «^racilis,  var.  lata,  Kfh. 

striata,  Wahl. 


»» 


EchtnoiIeYina  In . 
Oardiastcr  i)y/<init*us,  Forlxs  - 
('idaris  Merceyi,  Coiteau 

„  (spines)  .  -  .  - 
Cy{)ho8oina  ^mnulosnin,  (ioJdf.  - 
Disc'oidoa   Dixoni,    Forbes 

,,        ininiina,  Ag.    -        -        - 
(ialorit^'s  castanea,   Brongn.  - 

„  subrotimdus,  Mont.  - 

Tfeniiastor   minimus,   Ag.      - 
Holaster    planus,    Mant. 
Salenia  granulosa,   Forbes 
(^ephalites  paradoxus,  Smith 
Veiitriculit<»s  sp.  .        .        . 


Zone  of 

llhyn. 

Cuvieri. 
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CHAPTER  XXXVm. 

THE  MIDDLE  CHALK  IN  CAMBRIDGESHIRE  AND 
THE  NORTH-EAST  OF  ESSEX. 

General  Description. 

The  Middle  Chalk  ocoupies  a  tract  of  consideraUe  width  from 
the  neighbourhood  of  Royston  on  the  west  to  the  valleys  of  the 
Cam  and  the  Lin  below  Cheaterford  and  Linton,  lying  partly  in 
Cambridge  and  partly  in  Essex.  Thence  it  rises  into  the  Gog  Magog 
Hills,  and  spreads  north-eastward  below  the  higher  Chalk  escarp- 
ment to  Dnllingham  and  Newmarket.  For  the  sake  of  conveni- 
ence we  shall  describe  some  sections  near  Ro3rRton  in  this  chapter, 
though  that  town  is  really  in  Hertfordshire. 

The  zones  of  this  area  were  established  in  1880,*  and  were  fully 
described  in  the  Geological  Survey  Memoir  on  the  Neighbourhood 
of  Cambridge  (1881).  It  was  then  that  the  name  of  Melboum 
Rock  was  given  to  the  rocky  beds  at  the  base  of  the  zone  of  Rhyncho- 
ndla  Cutieri,  the  name  being  taken  from  the  little  village  of  Mel- 
boum, near  Rojnston,  where  there  are  good  sections  of  the  beds 
that  lie  at  the  junction  of  the  Middle  and  Lower  Chalk.  It  must 
be  remembered,  however,  that  the  Melboum  Rock  of  the  Cambridge 
Memoir  includes  the  sub-zone  of  Acti/nocarruix  pleaus,  which  was 
subsequently  separated. 

A  line  of  section  drawn  by  Mr.  W.  II.  Penning  and  myself  through 
the  Gog  Magog  Hills  showed  that  the  thickness  of  the  beds  from  tibe 
base  of  the  Melboum  Rock  to  the  base  of  the  Chalk  Rock  was  about 
230  feet,  of  which  some  60  or  70  feet  may  be  assigned  to  the  lower 
zone  and  about  160  feet  to  the  Terebratvlvna  zone. 

In  1881  the  liigher  zone  waa  divided  into  two  parts,  because 
the  upper  beds  contained  HolaMer  planus,  Micraster  corbovis, 
and  SpondyliLS  spinosuSy  which  linked  them,  as  was  thought,  more 
closely  to  the  l)eds  above  than  to  those  below.  More  recent  re- 
searches however  have  shown  that  these  sp>ecies  occur  not  infre- 
(juently  in  the  upper  part  of  what  is  generally  recognised  as  the 
Terehraixdima  zone,  and  the  bearing  of  this  on  the  zonal  nonier.- 
clature  has  been  discusseil  on  p.  3(»0. 

Throughout  tlie  greater  part  of  Cambridgeshire  the  Middle  Chalk 
lies  almost  liuiizon tally,  its  easterly  inclination  being  so  shght  as 
to  be  inappreciable  in  quarry  sections,  but  south-east  of  Royston 
there  is  a  remarkable  line  of  flexure,  probably  accompanied  by  a 

♦The  Sub-divisioiia  of  the  Chalk, Geol.  Mag.,  Dec.  2,  Vol.  vii.,  p.  248 
(1880). 

t  See  "  The  Melboum  Rock  and  Zone  of  Belemnitella  pb^na,"  by  \V.  Hill 
and  A.  J.  Jukes-Browne,  Quart.  Journ.  Geol.  Soc.,  Vol.  xlii  p.  216  (1886). 
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fault.  This  flexure  is  exposed  in  a  serieH  of  quarries ;  it  appears 
to  oonunence  near  Therfield,  crosses  the  North  Boad  (Ermine 
Street)  about  two  iniles  south  of  lloyston,  and  curves  round  by 
>Tew8ells  Bury,  Sniytli's  End  (Barley),  Great  Oliishall  and  Ileydon. 
At  Jill  these  phie-es  the  beds  are  bent  into  an  anticline,  the  northern 
Hmb  of  which  plunges  down  the  slope  of  the  asearpnient. 
Whether  they  aie  cut  oil*  by  a  faidt  or  whether  the  curvature  is 
coatuiued  by  a  corresponding  syncline  we  do  not  know,  but  there 
must  be  eithei*  a  faidt  or  a  synchne  along  the  lower  slopes  of  the 
escai'pment,  as  the  chalk  near  Royston  has  normal  southerly  dips. 
If  there  is  no  fault,  there  would  Ije  a  second  outciop  of  the  Chalk 
Rock  to  the  north  of  this  series  of  exposures,  but  no  such  outcrop 
was  found. 

Stuatigraphical  Dctails. 

Zone  of  Bhynchonella  Cuvieri.— The   outcrop  of    the 

Melbourn  ttock  enters  Cambridgeshire  near  Ashwell  Station,  on 

the  Hitcliin  and  Cambridge  Railway. 
The  upper  part  of  this  7X)ne,  w^ith  some  of  the  overlying  zone,  is 

exposed  in  the  large  quarry  in  Morden  Plantations.    The  upper 

level  of  this  quarry  shows  :  —  feet. 

Soil  and  chalk  rubWe -        -      4 

Bedded  white  chalk  with  a  few  flints 20 

Tou^h  yellowish  rocky  chalk 1 

Rather  soft  white  chalk,  with  scattered  flints  and  a  course  of 

elongate    finger-like   flints    10    feet  down.      This   chalk 

contains    (rfi/erltea    Hufrt^jtundw^^    Gal,    castanea^    Rhyn- 

cJumella    Cuviert\    TetebratxUa  semi/flobosa  and  teeth  of 

Ph/chtMlvjt        - 12 

The  lower  level  shows  : — 

Chalk  Ijetwcen'two  layers  of  flint« 3 

Tough  yellowish  chalk  full  of  ImKeramus  mytiloides,  dipping 
eastward 15 

The  yellowish  band  in  the  upper  level  may  perhaps  be  taken 
as  the  upix*r  limit  of  the  Rh.  Cuvieri  zone. 

The  base  of  the  zone  is  exposed  in  a  pit  by  the  side  of  Ermine 
Street,  more  than  a  mile  north  of  Royston,  and  the  section  as  taken 
in  1885  was  as  follows  :  —  feet. 

Soil  and  hard  l)edded  chalk    -        - 0 

,,  ,,  1  Hard  yellowish  chalk  with  thin  marly  partings  con- 

Mdbourn  i      ^-^^^   ^^^^^j^^      .        .       .        /  ^.     ^.        .      31 

nock.       u^j.^  nodular  whitish  chalk 3J 

/Lenticular  l)eds  of  marly  chalk 2 

Lower      1  Hard  marbled  chalk,  grey  and  white  -        -        -        -  1 

Chalk.      I  (5rey  marly  chalk -        -  1 

V  White  chalk seen  for  6 

The  Mellx)urn  Rock  is  also  well  exposed  in  the  Ume-kiln  quarry 
south  of  Melboui-n,  thus  :  —  feet. 

Soil  and  broken  chalk 8 

Bedded  whitish  chalk 4 

\t^\u  P/^t  fHard  yellowish  bedded  chalk  -        -        -        -       4 
Meib.  KocK.|j£^j.^  rough  nodular  chalk,  massive     -  3^ 

Lower  Chalk,  marls,  etc.  (see  p.  199) 32j 

4219.  HR^ 
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The  Melboiim  Rock,  8  or  9  feet  thick,  with  some  of  the  overlying 
chalk,  is  also  exposed  in  the  upper  chalk  pit  on  Foxton  HiU,  and 
being  much  weathered  its  nodular  character  is  very  apparent. 

An  exposure  of  the  middle  part  of  this  zone  occurs  in  a  small 
pit  by  Stanmore  Hall,  west  of  Whittlesford,  showing  8  or  10  feet 
of  weathered  rough  lumpy  chalk  containing  good  typical  specimens 
of  Rhynckandla  Cuvieri. 

The  Melbourn  Rock  is  seen  in  the  upper  level  of  the  large  chalk- 
l)it  on  Steeple  Hill,  north  of  Shelford,  and  the  highest  jmrt  of  the 
zone  in  the  pit  below  Little  Trees  Hill,  near  Vandlebury,  the 
section  in  the  latter  being  :  —  feet. 

Chalk  rubble 3 

Hard  rocky  chalk    -                3 

Greyish  marl  with  hard  nodules     - J 

Bedded  white  chalk,  with  occasional  flints  and  several  thin 

fk  layers  of  slialy  marl 18 

RhywcJumdla  Cuvieri  occiu's  in  the  Marl  band.  Another  pit, 
showing  a  similar  section,  occurs  on  Missleton  Hill,  north-east  of 
Wandlebury,  where  the  bedded  white  chalk  yields  more  fossils, 
Rhynck.  Cuvieri,  Galerites  subrotvmdvs,  Irvoceramus  mytHoides, 
Terebratvlina  gracilis  var.  lata,  etc.  Similar  chalk  with  the  same 
fossils  was  exposed  in  the  railway  cutting  a  mile  south-east  of  Great 
Wilbraham. 

Terebratulina  Zone. — The  quarries  in  the  lower  pai-t  of  this 

zone  near  Royston  have  l^een  mentioned  on  p.  469.  East  of 
these  there  are  few  exposures  till  the  valley  of  the  Cam  is  reached. 
A  pit  by  the  cross  roads  at  Duxford  shows  20  feet  of  thin-l)edded. 
platy  white  chalk,  with  Ji  very  few  small  Hint.s  and  a  thin  seam  of 
whitish  marl.  ThLs  is  near  the  base  of  tlie  zone.  Near  Ickleton 
there  are  two  j)its,  one  half  a  mile  west  and  the  other  tliree-quartei*a 
of  a  mile  S.S.  W.  of  the  village  ;  these  show  thin-bedded  white  chalk 
with  Ventnculifoa,  Inoeentmus  Cuvieri,  a  sixties  of  Miernsfer  and 
of  Scaphitps, 

Still  higher  Ix^ds  are  sliown  in  the  large  quai-ry  at  (Ireat  ( -hei^t^^r- 
ford,  half  a  mile  ea^st  of  the  church  ;  the  section  here,  lus  noted  by 
Mr.  Penning  in  187(),  was  as  follows  :—  feet. 

Rather  hard  splintery  chalk -        -     IS 

Layer  of  whitish  marl    -- ^ 

Bedded  white  chalk,  with  a  layer  of  flints  ahout  5  or  6  feet 
'         below  the  marl      --- 22 

The  up])er  beds  contain  Tcrehrafuliiia  gracUiii  var.  lata,  Ci4iiiris 
spines,  and  a  PcTfen.     In  the  lower  part  fossils  are  sciirce. 

North  of  Linton  there  is  a  quarry  in  thick-lx»dded  white  chalk 
without  any  tiints,  but  yielding  Micrasfer  Leskei,  Holasfer 
planus,  Sixjndylus  spiiwsus  and  Ventneulites.  This  is  in  the  upper 
beds  of  the  zone. 

Ijower  beds  are  seen  in  a  ciitting  on  the  al)andoned  line  of  rail- 
wav  neai*  Worsted  L(Kl<i:e.  Tliese  consist  of  white  chalk  with  niaiiv 
tliuts     mostly  arranged  in  bands  parallel  to  the  bedding;   thev 
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3  very  irregular  in  shape,  and  many  o^  them  are  long,  narrow, 
lindrical    and   roo1>like.      Galerites   svhrotitnduSy    fcrdl)raivliiHi 


are 

cyUndi 

gracilis  var.  latUy  Rhynch<melUi  sp,  (Hmall),  and  Inoceranms  viytil- 

oides  ?•  were  found  liere.     The  same  Ijeda  are  also  exiKwed  in  the 

next  cutting  to  the  north  (Mutlow  Hill).      Some  of  tlie  beds  are 

lirmer  than  the  others  and  stand  out  in  the  weathered  face. 

A  (juany  in  the  central  part  of  the  zone  is  open  near  Westley 
Ivodge,  east  of  Six  Mile  Bottom  Stiitiou  on  the  Newmarket  Jiine. 
In  1880  this  showed  :  — 

feet. 

White  chalk  without  fiiiit« 12 

Thin  seam  of  grey  marl. 

Wliite  chalk  full  of  finger-like  flintH  of  various  sizes,  with  some 
larger  and  thicker  flints 5 

Near  Dullingham  Eailway  Station  is  a  pit  in  the  higher  part  of  the 
zone  with  Micraster  and  Holaster  phniu.s.  It  is  about  20  feet  deep, 
the  upper  10  feet  contaimng  many  flints  of  various  shapes  and  sizes, 
but  there  are  none  in  the  lower  part. 

The  highest  beds  of  this  zone  are  shown  in  a  pit  south- wTst  of 
W(\stley  Waterless  and  again  in  a  (piarrv  by  Underwood  Hall, 
noi'th-west  of   Westley  Waterless,  where  they   include   two   thin 
layers  of  tabular  or  continuous  Hint. 

The  following  list  of  fossils  is  based  upon  those  given  in  the 
Memoir  on  the  Neighbourhood  of  Cambridge,  with  a  few  altera- 
tions and  additions : — 

List  op  Fossils  from  the  Middle  Chalk. 


Pisces, 
Protosphyraena  ferox,  Leidy 
Ptychodu8  decurrens,  Ag,  - 

Cephalopoda. 
Sciiphites  Geinitzi,  dVrb,   - 

Larnellibranch  iata. 


»> 
>» 


Kxo^^yra    sp.       -        -        - 
luoceraiuus  Brouj^'niarti,  Saw. 
Cuvicri,     Sow. 
mytiioides.  Sow. 
O.striui  vesicularis,  Ixim.    - 

„     semi  plana    *?    Sow. 
Pecten    Beaveri,    Sow, 
Spondylus  latus,  Sow. 

spino3iu.  Sow.   • 


Zone  of 
R 
.  Cuvieri. 


X 
X 


X 


X 
X 


II 


Zone  of  Tcr.  graciiU* 
Lower.       Upper. 


— 

X 

— 

X 

X 

— 

X 

X 

— 

X 

— 

X 

X 

X 

— 

X 
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L18T  OF  Fossscs  FROM  THE  MiDDLB  Chalk — Continued. 


Zone  of  Zone  of  Ter.  gracilis. 
R. 


Cuvieri.      Lower. 


Upper. 


»> 


»i 


j» 


Brachiopoda. 
Rhyiichoaella  Cuvieri,  (VOrh.    - 

inant<>lliaiia,    Sow. 
plicatilis,  Sow. 
reedensis,  Eth.     • 
Terebratula  ^einiglolxKSJi,  Sow.    - 
Terebratulina  gracilis,  var.  lata,  Eth. 
„  striat4i,    WnliL 

Annelida. 
Serpula  antiquata  'i  Sow, 

Echinodermata . 
Oidaris  dissimilis,  F  rbes  -  -  -  - 
hirudo,  Sorig.  -  -  .  . 
sceptrifera  1  Mant.  [or  aerrifera] 
Cyphosoma  radiatum,  Sorig. 
Discoidea  Dixoui,  Forbes  -  -  -  - 
Galerites  castanea,  Brongn. 

„  subrotundus,  Mant, 

Holaster  planus,  Mant.     -        -        -        - 
Micraater  Lcakei,  Desm.     -        -        -        - 
„        praicursor,  Hou>e 


»» 


ActiJiozoa. 
Parasinilia  centralis,   Mant. 

Spongida. 
N'^wntriculites  impress  us,  T,  Smith    - 
„  inauiinillaris,  T.  Smith 


X 
X 


X 
X 

X 


X 

X 


X 
X 


X 

X 

X 
X 
X 


X 

X 


z 

X 
X 


X 
X 


X 
X 
X 


X 
X 
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GHAIT^ER   XXXIX. 

THE    MIDDLE    CHALK    IN    SUFFOLK    AND    NORFOLK. 

General  Description. 

The  Middle  Chalk  of  Suffollv  has  not  yet  been  fully  explored  by 
anyone.  Even  the  outcrop  of  its  basement  bed,  the  Melbourn 
Rock,  has  only  been  traced  through  a  portion  of  the  county,  namely, 
from  Mildenhall  to  Lakenheath,  and  this  was  done  by  Mr.  HiH  and 
myself  in  1886.*  Little  is  known  of  the  higher  beds,  and  no 
exposing  of  Chalk  Rock  or  of  beds  referable  to  that  horizon  has  yet 
been  discovered  north  of  the  railway  from  Newmarket  to  Bury 
St.  Edmunds. 

Rather  more  is  known  about  this  division  in  Norfolk,  for  the 
Melbourn  Rock  has  been  traced  continuously  through  the  county, 
and  its  course  is  indiciited  on  the  maps  of  the  Greological  Survey. 
Moreover,  Dr.  BanoLs  visited  West  Norfolk  in  1875,  and  recognised 
the  zones  established  by  him  at  several  localities  mentioned  in  his 
"  Rechei-ches  "  (1876).  Finally,  Mr.  Hill  made  some  special  explora- 
tion of  the  Middle  Chalk  in  the  north-western  portion  of  the  county 
(Sheet  69),  and  his  observations  have  been  published  in  the  memoir 
on  that  sheet,  t 

In  Suii'olk  it  is  probable  that  the  zones  of  Rhynchondla  Cuvieri 
and  of  TerebratvliTui  have  a  combined  thickness  of  about  200 
feet,  but  they  certainly  become  thinner  northwards,  and  in  the 
northern  part  of  Norfolk  their  C/ombined  thickness  is  probably  les« 
than  100  feet. 

What  relation  the  beds  which  contain  Holcbster  planus  in  iVorfolk 
bear  to  the  zone  of  H,  planiLS  on  the  bordera  of  Cambridge  and 
Suffolk  it  is  difficult  to  say.  Seeing,  however,  that  Holaster  pUimis 
makes  its  appearance  some  distance  below  tlie  Chalk  Rock  near 
Newmarket,  it  is  jxxssible  that  the  jchalk  which  contains  that 
fossil  in  Norfolk  represents  the  highest  part  of  the  Terehratvlvfia 
zone  as  well  as  the  Chalk  Rock  beds. 

STRATIGRAPHICAIi  DeTAIT.S. 

Zone  of  Rhynchonella  Cuvieri. 

When  the  Bury  and  Soham  Railway  was  being  made  in  1879, 
Melbourn  Rock  was  recognised  by  Mr.  Whitaker  in  the  cutting 
south-west  of  Snailwell,  and  it  is  traversed  again  by  the  railway  to 

*  See  Quart.  Journ.  GJeol.  Soc.,  Vol.  xliii.  p.  563. 

t  Geology  of  the  Borders  of  the  Wash,  Mem.  Oeol.  Survey  (1899). 
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Mildenhall  in  the  cutting  south  of  Worlington  House.    A  quarry 

near  Worlington  Heath  Farm  exjxxjes  tlie  top  of  it,  the  aectioii  seen 

by  myself  and  Mr.  Hill  in  188G  being  :  — 

feet. 

Gravelly  soil  and  rubble -     4 

Hard  nodular  whitiHh  chalk,  full  of  Inoceramus  mytiloides 
and    Rhynchmiellu    Cuvieri         ------     4 

Tliin  seam  of  greenish  grey  marl. 

Hard    nodular    rocky   chalk,    white    with  greenish    uiarl 

l)etwepn   the  luinpH seen  for     H 

Talus   hiding  lower   beds       -  4 

The  town  of  Mildenluill  stands  on  the  chalk  of  this  zone,  and 
hard,  shelly,  yellowish  chalk,  conttiining  Wiy^nchonella  Cuvieri, 
Inoceramus  miftiloides  and  GalerUes  svhrotundus,  is  exposed  in 
a  small  pit  at  the  eastern  end  of  the  town. 

At  I>akenheath,  noith-east  of  the  church,  there  is  a  large  quarry 
ex])osing  about  30  feet  of  hard  chalk,  which  weathers  to  the  peculiar 
limipy  or  nodubu*  surface  characteristic  of  exposm^es  in  this  zone. 
At  the  lowest  level  near  the  entrance  harder,  more  noclulai", 
shelly  chalk  wius  seen.  The  fossils  found  in  this  quarry  \vei"e  Am. 
[Pachydiscus]  perampluSy  Inoceramus  mytUoides,  Terdrratula  semi- 
(jlolfosfiy  Rhyiiduyiiella  Cuvieriy  and  Galerites  svbrotundus. 

North  of  the  Brandon  River,  which  forms  the  boimdary  between 
Suffolk  and  Norfolk,  the  first  section  is  the  large  chalk  pit  at  Meth> 
wold,  and  the  following  description  has  been  given  by  Mr.  Hill  and 
myself  in  the  paper  above  mentioned  :  — 

feet. 

Soil,  gravel  and  disturlwd  chalk 4 

Hard  lumpy  chalk  with  two  tliin  layers  of  greyish  marl  at 

the  base 8 

Hard  yellowish  nodular  chalk  with   Rhynch,  Cuvieri  and 

other    fossils 25 

The  floor  of  the  pit  is  probably  on  the  upper  part  of  the  Melbourn 
Rock.    The  following  fassils  were  foinid  in  the  nodular  chalk  :  — 


Am,  [Pachydisctis]  peramplus. 
Inoceramus  mytiloides. 
Rhynchonella  Cuvieri, 
Terebratula  semiglobosa* 


Cardiaster  pygmceas, 
Galerites  subrotundus, 
Hemiaster  minimus. 


The  Melbourn  Rock  is  exposed  in  a  quarry  at  Whittington  (see 
p.  211)  whence  Mr.  C  B.  Rose  obtained  Am.  [Pachydiscus]  peram- 
jihis  two  feet  in  diameter.  It  is  seen  again  in  the  pit  south  of 
Harton  Bendish,  and  hi  two  quarries  at  Marhain,  all  of  which  show 
the  junction  of  the  Ix)wer  and  Middle  Chalk,  and  have  Ijeeu 
mentioned  on  a  previous  page  (see  p.  212). 

What  appears  to  l)e  the  lower  part  of  the  /^ne  of  Rhynchondla 
Cumeri  is  exposed  in  the  quarry  between  Hilluigton  and  Congliam  ; 
this  is  worked  in  two  levels,  and  the  upper  one  is  about  20  feet  deep 
in  hard,  whitish  chalk  with  yellowish  stains,  lying  in  thin  beds  and 
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Weathering  into  platy  pieces ;  it  is  less  nodular  than  usual,  but 
Mr.  Hill  foiuid  an  echinoderm  which  appeai'ed  to  be  Galerites 
suJmtturuliis.  The  lower  level  showed  4 J  feet  of  sunilar  hard,  whitish 
clialk  overlying  a  thin  layer  of  buff-coloured  marl  and  14  feet  of 
whitish  Lower  Chalk  (see  p.  213). 

At  Sherborne,  less  tlian  a  quarter  of  a  mile  north  of  the  church, 
hard  yellowisli  nodular  chalk  can  Ije  seen  in  a  small  exposure  by 
the  roadside,  close  by  an  old  quarry  which  is  now  overgrown  and 
tidused.  This  is  doubtless  the  quarry  mentioned  by  Professor 
Barrois,  in  which  he  recognised  **  the  hard  nodular  bed  which 
throughout  England  occurs  at  the  base  of  the  zone  of  InoceraviAitf 
labiatus/'*  and  which  is  now  called  the  Melbom^n  Bock.  From  it 
he  obtained  the  following  fossils  :— Am.  [Acanthoceras]  nodosoidesy 
Ostrea  vesicularis,  Inoceramus  mytUaides  {=labiatiLs\  Rhyncho- 
ndla  Cuvieri,  and  Discoidea  minima. 

Whitish  nodular  clialk  is  shown  in  the  cutting  east  of  Sedgeford 
Htiition,  and  what  is  probably  the  highest  part  of  the  zone  in  a  (juarry 
half  a  mile  south-east  of  Sedgeford,  though  Dr.  Barrois  referred  the 
latter  exposure  to  the  Terebratuliiui  zone. 

The  Mel lx)uni  Hock  Ls  well  exi)osed  at  the  top  of  the  large  (|uariy 
at  Heacham,  6  feet  of  hard  yellowish  nodular  rock,  well  Ix^lded,  but 
weathering  into  thin,  platy  pieces  along  line.'*  and  seams  of  greenish 
marly  material.  Its  base  is  a  well-marked  plane,  resting  directly 
on  hard  white  chalk,  without  the  Intervention  of  any  marly  la\er 
(see  p.  213). 

Another  good  exposure  occm's  in  the  quariy  north-east  of  Banet 

Kingstead  Farm,  and  shows  the  following  beds  :— 

feet. 

rHard  chalk,  broken  and  rubbly      -       -       -       -  6 

Middle  I  Hard  rough  creamy  white  chalk      -       -        -       -  3 
Chalk.  I  Very  hard  rough  yellowish  nodular  chalk  in  two 

I     thick   beds  (Mel bourn   Rock)       -        -        -        -  7 
I           [Dull  white  chalk  in  thin  beds  with  seams  of  grey 

r^7\l\     ™arl                 12 

unaik.  [Qreyish-white  chalk  in  thicker  beds       -       -       -  4 


32 

Rhynctwihella  Cuvieri  and  Inoceramus  mytiloides  are  common 
in  the  rough  and  rocky  chalk. 

Terebratulina   Zone. 

N"o  exposure  of  this  zone  has  yet  l)een  recorded  in  Suffolk,  south 
of  the  Lark,  though  it  doubtless  occupies  a  considerable  tract  of 
country  by  Kentford,  Herrings  well,  Tuddenham,  and  Little  Barton. 

Mr.  H.  Woods,  of  Cambridge,  examined  some  of  the  exposures 
in  the  Valley  of  the  Larkdurmg  1901,  and  has  kindly  communi- 
cated the  following  notes  thereon  : — 

■  r  -  -       -  -  I    -    I -  -         -        -     I  -     III  ^^m^mm^ 

*Recherche8  sur  le  Terr.  Cr^t  Sup.,  p.  160. 
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A  chalk-pit  about  a  quarter  of  a  niiie  north  of  the  church  at 
Icklingham  St.  James  snows  about  12  feet  of  rather  hard  thin- 
bedded  chalk,  with  a  few  small  flints.  Tlie  only  fossils  seen 
were  TerebratiUina.  Another  pit  is  opened  near  Avenue  Farm, 
about  a  mile  north-west  of  the  church,  and  this  shows  about  7 
feet  of  similar  chalk  containing  a  few  fossils  which,  however,  are 
not  easy  to  extract.  Those  found  were  TerehtxitaUi  fteviiglobosa, 
WiynchoneUa  Cuvierl  (small  circular  variety),  Teretytutulivii 
{tUUa)y  PlicatuliL  Barrolsi  and  Iiiocera'inus  Laniai^cki?, 

North  of  the  river  Lark  the  surface  of  this  part  of  the  Chalk  is  often 
deeply  covered  with  blown  sand,  but  there  are  places  where  chalk 
comes  to  the  sm'face.  A  quarry  by  the  high  road,  east  of  Eriswell, 
is  opened  in  soft  white  clialk  without  flints,  but  containing  GalerUes 
8vbratundu8  and  some  hwcerwiihi ;  it  pix)bably  belongs  to  the 
lower  part  of  this  zone. 

In  the  southern  pait;  of  Norfolk  the  only  exposiure  of  this  zone 
seen  by  Mr.  Hill  or  myself  is  that  of  a  quarry  at  the  western  end  of 
North  wold,  about  thi*ee  miles  south-east  of  Stoke  Ferry.  It  shows 
about  36  feet  of  soft  but  firm  white  chalk,  well-bedded,  and  includ- 
ing several  thin  layers  of  grey  mail.  The  lower  beds  are  the  firmest, 
and  have  been  quarried  for  Ijuilding  purposes ;  they  yielded  OdlerUes 
svbrotuTuius,  Itwceramus  mytUoides,  Terebrattda  aemigkbasa,  and 
a  small  KkynckoneUa  (f  var.  of  Cvmeri).  These  beds  probably 
form  the  top  of  the  Rh.  Cuvieri  zone ;  the  upper  12  feet  are  softer, 
and  contain  some  scattered  flints. 

Exposm'es  of  this  zone  could  doubtless  be  found  along  the  country 
noi-th  of  Cjooderstone,  and  east  of  the  outcrop  of  the  Melboum 
Rock,  but  no  one  has  looked  for  them. 

In  the  more  northern  pait  of  Norfolk  the  clialk  of  this  zone  par- 
takes of  the  prevailing  tendency  of  all  the  lower  beds  to  become 
harder  and  more  compact,  the  thickness  at  the  same  time  becoming 
less.  Moreover,  the  fossil  which  is  so  common  in  more  southern 
counties  seems  very  rare  in  Norfolk,  so  that  it  is  often  difficult  to 
be  certain  of  the  zonal  horizon  of  any  small  exposure. 

In  the  memoii*  describing  the  north-western  part  of  Norfolk  and 
explanatory  of  sheet  69  (old  series),*  man}'  pits  are  mentioned  which 
seem  to  be  in  this  zone,  but  only  three  of  them  are  worth  special 
notice. 

The  lii'st  of  these  is  at  Fiing,  a  httle  south-east  of  the  church,  and 
shows  about  30  feet  of  solid  white  chalk,  with  a  layer  of  fhnts  near 
the  bottom,  and  two  othei*s  in  the  upper  paiii.  The  only  fossils 
found  were  Rhyndimidla  Cuvieri  and  Galerifes  sybrotuiidus. 

The  second  is  a  quaiTy  south  of  llingstead  St.  Andrew,  neai*  Hun- 
stanton, which  is  about  25  feet  deep  in  hai'd  chalk,  veined  irregu- 
larly with  grey  marly  material,  and  containing  a  few  grey  flints. 


Geology  of  the  Borders  of  the  Wash,  Mem.  Ged.  Survey,  1899. 
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Fix)m  this  pit  Mr.  Rhodes  obtained  a  few  fossils,  which  have  been 
identified  as  follows  :— 


Inoceramus  mytiloidss, 
TerebrcUula  semiglobosa, 
Rhynchonella  Cuvieri, 
Holaster  (1  planus). 


GaleriUs  subrotundus. 
Ducoidea  minima. 
Cardiaster  (fpygmceus), 
Cidaris  spines. 


The  third  quairy  is  half-a-niile  south  of  Thornham,  and  shows 
about  30  feet  of  hard  veiny  chalk  with  several  layers  of  large  grey 
flints ;  this  is  probably  in  tJie  upper  part  of  the  zone. 

The  following  is  a  list  of  such  fossils  as  have  been  found  in  the 
Middle  Chalk  of  these  counties,  compiled  partly  from  Professor 
Barrois'  work,  but  chiefly  from  the  Survey  Memoirs  on  Sheets,  51, 
65,  and  69  :— 


Zone  of 

R 
Cuvieri. 


Zone  of 

T. 
gracilis. 


Ainiiionites 


»» 


)» 
»> 


Cephalopoda. 
Acanth.]  nodosoides,  ScklHUr 
Pachydisciis]  peranipliia,  Mant. 
Acaiith]  rusticus  ?  Sow, 
large  smooth  sp.    - 

Lamellibranch  iatxi . 
Inoceramus  Brongniarti,  Sow.   - 
Cuvieri,  d^Orh. 

Jjamarcki,  Park.     -        -        - 
„  mytiloides,  Mant. 

Ostrea  vesicularis,  Lam.      -        -        -        - 
Plicatula  Barroisi,  Peron    - 

Brachio}:oda. 
Rhynchouella  Cuvieri,  rf'0r6.     - 
„  „      (small  var.) 

Terebratula  semiglobosji,  Sow,  - 
Terebratulina  striata,  Wahl. 

„  gracilis,  var.  lata,  Eth. 

Echinodermata. 
Cidaris  hirudo,  Sorig.        -        -        .        - 

„       sp- 

Cardiaster  (]  pygmaeus,  Forbes)  - 

Discoidea  minima,  Ag. 

Qalerites  subrotundus,  Brongn. 

Hdaster  planus,  Mant.      -       -       -       - 
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CHAPTER    XLI. 

THE    MIDDLE    GHAhK    IN    LINCOLNSIllKK 
General  Descriiteon. 

TKd  nmrlj'  Iwiid  which  roniia  the  top  of  the  Lower  Ctialk  tlu-ough- 
out  Lincolnshire  is  succeeded  by  beds  of  hard  greyish  or  yellowish 
grey  ohalU  in  well-marked  courses,  which  are  separated  by  thin 
layers  of  grey  slialy  marl,  some  of  which  contain  looee  nodiilee 
of  hard  clialk.  This  greyish  chalk  ia  so  full  of  [ragmenta  of  Inocera- 
imis  shell  that  it  is  often  quite  gritty  to  the  touch,  and  more  or  leaa 
perfect  shells  of  Inocerawus  mytiloid^  lire  very  common,  so  that 
in  the  Memoir  on  the  Geology  of  East  lincolnshire  (wherein  it  was 
first  described,  1887)  it  was  indicated  as  the  zone  of  Inoc.  mytiloides. 
RhifTich/indla  Cuvieri,  liowever,  ia  also  common,  so  that  there  is  no 
need  to  give  the  zone  another  name,  lis  thickness  varies  from  10 
to  13  feet.  There  is  no  bed  which  coidd  lie  regarded  as  specially 
representing  the  Melbourn  Rock,  but  the  whole  aeema  to  be  a  con- 
densed eq\uvalent  of  the  zone  of  Rh.  Cuvieri. 

The  overlying  Ter^alvlina  zone  is  much  more  shaiidy  defined 
from  that  of  Rhynch.  Cuvieri  than  it  is  in  more  southern 
counties ;  for  its  lowest  bed  is  a  thin'  course  of  white  compact 
chalk,  never  more  than  6  inches  thick,  which  is  traversed  by  a 
system  of  nearly  straight  vertical  joints,  so  that  the  bed  breaks  up 
into  a  set  of  rectangular  blocks;  these  joints  are  so  numerous  that, 
when  a  weathered  exposure  is  seen,  the  bed  seems  broken  Into  a 
number  of  small  blocks  like  columns  or  bricks  set  on  end,  and  this 
has  suggested  the  name  of  "  the  columnar  bed."  As  it  generally 
i-esta  on  a  layer  of  shale  or  shaly  chalk,  the  hoiizontal  lines  of  thft 
one  contrast  strongly  with  the  vertical  lines  of  the  other. 

Tlu)  appearance  of  such  a  section  is  iUustrat«d  in  Fig.  8',  which 
was  sketched  in  a  chalk  pit  south  of  Olaxby. 

Settiuii  ill  a.  Clialk-pii  aoiitU  uf  Olaxliy. 


Flu.  81.— Junction  of  the  Terehi-alulinn  Zone  with  that  uf  Ii'iii/nrn. 
Cuvieri  south  of  Claxby. 

d.  White  chalk  with  three  layera  of  flint  nodules     -  -  12 

c.  The  columnar  bed,  jointed  vertjcallj       -        -        -        -  Oi 

b.  Greyish  laminated  clialk of 

a.  Greyiah  uhalk  without  flinta      -        ■  -        •  ti 
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The  "  columnar  bed  "  is  almost  always  clearly  discernible,  though 
in  some  places  the  vertical  joints  are  less  numerous  than  in 
others. 

The  overl3ring  chalk  is  of  a  pure  creamy-white  compact,  evenly 
)3edded,  and  cx)ntaining  nodules  of  grey  flint,  which  are  generally 
arranged  in  layers,  though  in  some  of  the  higher  beds  there  are 
scattered  flints  of  irregular  elongate  shape  between  the  regular 
courses  of  flints.  These  grey  flints  adhere  closely  to  the  chalk  in 
which  they  are  emlxHlded,  and  are  travei-sed  by  the  same  joint 
planes  as  the  surrounding  chalk,  so  tliat  as  the  rock  is  quarried  and 
iireaks  away  along  these  joint  planes  the  fracture  passes  evenly 
thi'ough  both  chalk  and  flint,  each  portion  of  the  flint  nodule  re- 
maining in  the  block  of  chalk  to  which  it  l)elongs.  In  consequence 
of  this  peculiarity  ever}'  layer  of  flint  exposed  in  a  quarry^  is  visible 
at  a  glance.  Thin  continuous  layei-s,  or  floors,  of  flint  occur 
occasionally,  but  are  not  niuuerous.  Thin  seams  of  dark  grey 
marl,  or  marly  clay,  are  of  frequent  occuirence.  Fossils  are 
extremely  scarce,  with  the  exception  of  Inocerami  belonging  to 
sj)ecies  which  are  generally  referred  to  /.  Brongniarti  and 
7.  Cuvieri,  The  characteristic  TerebratuliTia  has  not  yet  been 
found  in  this   county. 

With  respect  to  the  thickness  of  this  chalk  with  nodular  flints, 
which  evidently  represents  the  Terebratulina  zone,  we  can  only 
say  that  it  is  probably  from  70  to  80  feet.  It  is  only  recently 
that  Mr.  Hill  has  found  evidence  of  the  zone  of  Holaster  planus  near 
TA)uth,  and  hjus  consequently  proved  that  there  is  Upi^er  as  well  as 
Middle  Chalk  to  the  noiiih  of  that  town.*  This  discovery  excludes 
from  the  Middle  Chalk  most  of  the  higher  l)eds  which  contain 
thick  continuous  floors  of  flint,  and  restncts  it  to  the  chalk  with 
nodular  flints  as  al)ove  described. 

The  small  thickness  of  the  zone  of  M.  Cuvieri,  and  the  apj^earances 
at  th(^  top  of  it,  suggest  that  the  j)lane  of  division  between  it  and  the 
oveilying  zone  represents  the  laiise  of  a  certain  iK^riod  of  time,dming 
whicli  no  (leixwition  took  place,  even  if  there  was  not  some  removal 
of  material  bv  current  action. 

SXRATIGRAPfflCAL     DETAILS. 

Zone  of  Rhynchonella  Cuvieri. 

The  chalk  of  this  zone  is  exposed  in  many  of  the  chalk  pits  which 
have  Ijeen  opened  along  the  range  of  the  Lincolnshire  Wolds. 
Details  of  these  a\i[I1  be  found  in  the  memou-s  descriptive  of  Sheets 
84  and  8G  of  the  Geological  Survey  map,  but  a  few  of  the  best 
sections  are  given  l)elow. 

Near  the  southern  end  of  the  AA^cilds  there  is  a  good  section 
through  these  Ixxls  in  the  (luarry  north-west  of  Claxl)y.     A  fault 

*  See  "  Note  on  the  ITpper  Chalk  of  Lincoiishire,"  by  W.  Hjll,  in  Geol. 
>Iag.,  Dec.  4,  Vol.  ix.,  p.  404  (1902), 
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with  a  throw  of  about  10  feet  runs  through  this  ]Mt»  and  the  beds 
measured  on  the  east  side  of  it  iu  1879  were  :— 


Terebra- 
tulimi 


Soil  and  chalk  rubble  

Hard  white  cbalk  with  a  layer  of  Hint  notlnlcs,  wliich 
arc  tfrev  inside  -.-..- 


Zone.     I  White  chalk  with  vertical  jointe  and  a  tliin  seam  of 

'      marl  at  the  Iwise 

f/  e\  Hard  greyish  chalk  in  beds  about  a  f(K)t  thick  with 

Rh^k        "^*^''*^  iwrtings - 

^    "     . '  I  Loose  grey  marl  with  small  nodules  of  hard  chalk    - 
uvieri.     (j|.gyig|^  white  chalk  in  two  beds      .        -        -        - 

Lower  r Loose  grey  marl,  enclosing  hard  yellowish  nodules 
Chalk.    I  Hard  grey  chalk  


feet. 
3 

13 

Oi 
8 

oi 

2 
1 
6 


Its  thickness  here,  therefore,  is  only  between  10  and  11  feet, 
and  is  about  the  same  in  a  quarry  south-east  of  Calceb\\ 

In  the  large  (quarry  at  South  Thoresby  the  zone  is  a  little 
thicker;  here  the  beds  dip  to  the  south-west  and  the  Middle 
Chalk  is  thus  brought  into  the  western  face  of  the  pit,  along 
which  the  following  measurements  were  taken  in  1879  :— 

feet. 


j6.  White  chalk  with  flint?         .        .        .        .        - 

1  5.  Layer  of  white  chalk  about  6  inches,  broken  by 

Mi  Idle'         freQiient    vertical   joints  (Columnar  Bed)    - 


oi 


Chalk  1  ^'  ^>'®'*  ^^  ^''®y  rubbly  shale 

'    .3.  Hard  buff  coloured  chalk,  very  shelly  and  con 

I  taining    Inoceramus    mytiloides,    in   beds  from 
I         12   to    18    inches   thick  -        -        -  12 

Lower  2.  Variegated  marl,  red,  grey,  green,  and  buff  Ij 

Chalk.    I.  Hard  pinkish  white  chalk  (see  p.  220)       -        -     3 

A  similar  section  is  seen  in  a  chalk-pit  neiir  Swaby,  of  which 
Fig.  82  is  a  sketch,  the  nurabei*s  referring  to  the  beds  above 
mentioned. 


mxnxT 


h\G.  82.  —Sketch  in  a  Chalk-pit  near  S^vaby. 

Near  Ix)uth  this  zone  is  exposed  in  several  large  quarries,  lx>th 
on  the  south  and  on  the  north  side  of  the  town,     it  varies  fi-om  12 


ft. 

in. 

3 

0 

6 

0 

0 

9 
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to  15  feet  in  thickness,  and  the  following  is  the  section  visible  in 
Mr.  Clapham's  quarry  by  the  London  road  south  of  Louth : — 

ft.  in. 

Te^^ebra      Whito.  chalk  in  thick  heds  with  layers  of  flints      -  30  0 

fitllni      Similar  chalk,  some  heds  very  hard         -        -  12  0 

Zone.       Hard  wliit^*  rlialk,   not  much  jointed                -  0  6 

Layer    of    loose    ^rey    shale                 -        -        -  0  6 
Zone  of     ^'^^^^  shelly  chalk  in  Iwds  from  Vl  U^  18  inches 

Rhvmh  ^     ^1»^''1^»  separat^ul  hy  laycTs  of  ^'rey  shale  8  O 
Cuvieri  '  ^"^   coloured    sandy    shale    with     nodules    of 

hard  chalk  (Inocerainus  mytiloides)               -  0  6 

I  Hard  greyish  chalk,  with  shaly  partings     -        -  4  0 
Orey  and  purple  shaly  marl  (Belemnite  Marl). 

The  same  succession  can  be  seen  in  Mr.  Paddison's  quarry  north 
of  Loith,  and  again  in  a  quarrv  at  Ellrington  Pasture,  about  a  niilo 
W.N.W.  of  Louth. 

Near  Caistor  this  zone  is  well  shown  in  a  quarry  by  the  windmill 
south-east  of  the  town,  as  below  .  — 

Soil  and  chalk  rubhle 

Hard  white  chalk  with  two  layers  of  flints 

Zone  of  [Shale  and  shaley  chalk 

•  Rh.      I  Hard  greyish  chalk  in  beds  about  a  foot 

Cuweri.  \     thick,  with  partings  of  grey  shale  -        -        -     11     0 

Soft  grey  shale  (seen  at  one  place). 

The  same  beds  are  exposed  in  two  pits  near  Both  well,  one  half  a 
mile  south-east,  and  the  other  W.N.W.  of  the  village ;  the  beds  of 
greyish  chalk  are  divided  by  layers  of  yellowish  marly  shale  from 
4  to  6  inches  thick,  containing  small  loose  nodules  or  lumps  of  chalk, 
from  those  locahties  I  obtained  Am,  [Puchydiscus]  peramplus 
(young),  Iiioceramvs  mytiloides,  and  Rhynchondla  Cuvieri. 

The  whole  zone  is  well  exposed  in  the  laige  quarry  north-east  of 
South  Ferriby,  part  of  which  section  has  been  given  on  p.  222 ;  the 
details  of  the  upper  part  A\ill  be  found  on  p.  484. 

Terebratulina  Zone. 

This  zone  is  found  along  the  whole  length  of  the  Lincolnshire 
Wolds,  but  it  is  often  cut  through  by  the  deep  valleys  which  traverse 
the  hills,  and  consequently  it  is  divided  and  partitioned  out  into  a 
niunber  of  inegular  outliei*8  and  patches  of  various  sizes.  There 
are  man}  exposures,  all  the  most  important  of  which  have  been 
noted  in  the  memoirs  of  the  Geological  Sm'vey  aheady  published,* 
so  tliat  we  only  need  mention  a  few  of  the  largest  and  best  sections. 


*  Geology  of  East  Lincolnshire,  by  A.  J.  Jnkes-Browne,  1887;  Geolog}- 
of  the  Country  around  Lincoln,  by  W.  A.  E.  Ussher,  A.  J.  Jukes-Browne 
and  Aubrey  Strahan,  1888;  Geology  of  Parts  of  North  Lincolnsliireand 
South  Yorkshire,  by  W.  A.  E.  Ussner  and  others,  1890. 
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The  first  of  these,  exposing  the  base  of  the  zone,  is  situate  about 

a  quarter-mile  west  of  Ulcebv,  near  Alford,  and  shows  :— 

feet. 


Terebra- 
fulina 

Zoiio. 


White  chalk  in  rather  thick  beds  with^four  layers 
of  grey  flints  and  a  layer  of  rubbly  chalk  at  the 
base         -        - 22 

Thin-bedded  chalk  with  scattered  flints     -        -        -       8 

White  chalk  in  thin  beds  with  a  layer  of  grey  flints  - 
near  the   base 2j 

Hard  chalk  jointed  vertically  and  breaking  into 
columnar  fragments  (Columnar  bed  see  p.      ).        Oj 
Zone  of  Rhyncfurnella  Cuvieri.—}i&n\  grey  chalk  weather- 
ing into  shale 2 


Higher  beds  come  in  to  the  east  of  Ulceby  along  the  eastern  border 
of  the  Wolds  (here  very  narrow)  by  Well,  Kigsby,  and  Haugh. 
They  are  exposed  in  a  quarry  noi*th-west  of  Wellchurch,  which  is 
a))out  27  feet  deep,  and  from  which  Inocerarmis  Cuvieri  and 
a  small  round  variety  of  K/cyiichonella  Cuvieri  have  been  obtained. 
A  still  deeper  section  is  shown  in  the  large  quarry  by  the  main  road, 
alK)iit  a  mile  W.S.W.  of  Alford  railway  station.  In  this  the  following 
l)e(Is  are  seen  :—  . 

feet. 

Soil  and  chalk  rubble 2 

Broken  chalk,  with  a  layer  of  grey  flints  -  -  -  -  3 
White   chalk,  rather   soft,  in    tliick    beds,    with    scattered 

elongate  flints 8 

Layer  of  dark- grey  marly  clay. 

Massive  wliite  chalk  with  a  layer  of  large  flints  -  -  -  6 
Harder  white  chalk  in  three  beds,  no  flints  -  -  -  -  5 
Layer  of    dark   clay   resting    on    an    uneven    iron -stained 

surface. 
White  chalk  in  three  beds,  with  scattered  flints     -        -        -       6 
Thin  continuous  seam  of  flint,  nearly  black. 
White  clialk  evenly  Ix'dded  with  a  layer  of  large  nodular 

flints seen  for       7 


37 

Tlie  bods  (lip  at  4°  or  r)°  to  the  westward.  There  are  several  small 
(li.splaceinent»s  renchMed  eon8})icuous  by  the  interruption  of  the  layers 
of  clay  and  flint,  as  indicated  in  Fig.  83,  which  represents  part  of  the 
northern  face  where  a  small  trough  fault  is  seen.  Fossils  are  very 
scarce. 

There  are  two  quarries  near  Haugh  in  beds  which  are  probably 
rather  lower,  and  have  yielded  Inoceramus  Cuvieri  and  Rhy^ncho- 
nella  Cuvieri.  Other  pits  exist  near  Belleau,  Muckton,  and  Caw- 
thorpe,  the  last  being  more  than  40  feet  deep,  and  showing  4  or  H 
layers  of  grey  flints.  The  base  of  the  zone,  resting  on  that  of  Rhynch - 
Cuvieri,  can  1x5  seen  in  a  pit  half  a  mile  south-west  of  Cawthorpe,  and 
in  another  by  the  side  of  the  main  road  to  Louth,  about  a  mile  wtst 
of  the  same  village,  and  again  in  a  pit  3  f\u-longs  S.S.W.  of  Tathwell. 

The  chalk  of  the  Tenhrafxdina  zone  is  quarried  for  manufacture 
into  wbiting  at  the  place  callecl  "  Saturday  Pits  "  Ijetween  Ca^vtbor^)e 
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and  Uuth.  The  chalk  seen  is  white  and  tough,  in  massive  beds  2 
iir  .t  feet  thick,  with  cournee  of  grey  flints  ;  it  is  quarried  in  two  levels, 
iiidhiearthe  topof  the  lower  one  is  a  layer  of  grey  clay;  the  lietls 
Ih-Iow  this  layer  are  harder  and  grittier,  i.e.,  more  full'of  htocera- 
mua  shell,  than  those  above,  which  are  consequently  the  most 
rtiiitJible  for  the  manufacture  of  whiting. 

The  section  in  Mr.  Clai>hnni'8  ((uarry  at  Louth,  showing  some 
40  feet  of  thiH  chalk,  has  l)een  given  on  a  pi-evious  page.  West  of 
I-outh  some  of  it  is  exijosed  again  in  a  quarry  half  a  mile  west  of 
llunkei-a,  anil  still  further  west  the  base  of  the  zone  with  the  UBual 
■  columnar  bed  "  waa  observed  in  a  small  pit  S.S.K  of  the  farm  in 
WeUdale  Bottom  (Sheet  83.) 

Still  farther  north  (within  the  limita  o  f  Sheet  86)  the  base  of  the 
7/me,  pi-esenting  similar  fentures,  is  exposed  in  several  pita  near  Koth- 
well,  anothei-  half  a  mile  south-etipt  of  Cabourn  church,  and  again 
in  one  west  of  Swallow. 


N 


West  of  Melton  Itoss  there  is  a  large  quarry  worked  on  both  sides 
of  the  railway,  and  exjwsing  some  thickness  of  this  chalk  which 
is  us«d  for  the  manufacture  of  whiting.  Mr,  Hill  informs  me  that 
it  now  shows  alwut  (iO  feet  of  white  chalk  with  grey  flints,  the 
upper  part  lying  in  thick,  massive  beds,  the  lower  part  in  thinner 
beds  with  marly  partings.  The  chalk  is  full  of  fragments  of  Inoce- 
ronwis  Bhell,and  Inocera/m/ua  Cuvi&ri  is  a  common  fossil ;  RJiyncho- 
nella  Cwneri  waa  also  found,  but  he  saw  no  Inoc.  mytiloides,  bo  that 
the  whole  apptsara  to  be  aliove  the  srone  characterised  by  that  fossil. 

Another  ([uarry  half  a  mile  north  of  Melton  Ross  was  also  visited 
by  Mr.  Hill  in  1890,  who  reporta  it  jis  showing  alwut  20  feet  of  chalk 
with  gre>'  flints,  leas  shelly  than  that  at  the  Whiting  Works,  and 
pi-obably  in  rather  higher  beds.  He  found  an  /noe.  Cwieri  and  a 
small  Rkfftickotielln. 

4'21B.  ,    Ii 


484 


THE    CRETACEOUS  ROCKS  OF  BRITAIN. 


The  base  of  the  zone,  with  some  of  the  underlying  chalk  without 
Hints,  was  seen  by  Mr.  Fox-Strangways  in  a  quarry  about  40  feet 
deep  in  Elsham  Church  Wood,  and  again  in  a  pit  at  the  upper  gtobs- 
roaJda  near  Horkstow. 

The  fine  section  in  the  large  quarry  near  South  Feriiby  has 
ah*eady  been  mentioned  (see  p.  222),  but  the  details  of  the  upper 
part  may  now  be  given  so  far  as  the  face  was  accessible  for  measur- 
ing ;  these  are— 

feet. 
I  Hard  white  chalk   with  layers  of  grey   flintti, 
'     lying  in  beds  of  unequal  thickness  and  divided 

into  massive  blocks  by  irregular  joints    -  about  35 
Compact  cream  coloured  chalk     -        -        -        -       2 
;  Layer  of  shaly  chalk  and  marl     -        -        -       -       Oj 
Hard  rough  yellowish  chalk,  full  of  broken  Jiioc- 
eramus  shell,  divided  into  regular  beds,  a  foot 
'     or  more  thick,  by  partings  of  shaly  marl  -       -     10^ 
For  the  lower  beds  see  p.  222. 


Terebfu- 
tidina 
Zone, 

Zone  of 

Rhyn/ch, 

Cuvieri, 


About  48 
The  higher  beds  of  the  Terebratidina  zone  crop  out  between 
l^'erriby  and  Barton,  and  are  probably  exposed  in  some  of  the  pit« 
which  are  mentioned  by  Mr.  Reid,*  though  we  have  not  been  able 
to  verify  this  supposition  by  an  actual  inspection  of  them.  Mr.  Beid 
mentions  a  pit  near  the  farm  one  mile  east  of  Fen'iby  Hall,  which 
exposes  chalk  with  nodular  grey  flints,  and  another  in  similar 
chalk  half  a  mile  noi-th-east  of  Grange  Farm.  Again  "  west  of 
Barton,  a  pit  shows  50  feet  of  chalk  with  a  few  scattered  flint 
nodules  throughout.  Dip  S.S.E.  Small  faults  with  dowTithrow 
to  the  north  are  visible." 

The  Middle  Chalk  of  liincoliishire  has  not  yielded  manv  fossils, 
though  many  quarries  were  searched  lx)tli  by  myself  and  by  Messi-s. 
Allen  and  Rhodes  in  theii-  cupacity  Jis  fossil  c<)lleetoi*H.  The  following 
is  a  list  of  such  as  have  l)eeii  recorded  :  — 


Zone  of 
Khynch. 
Cuinrri. 


Tereftra- 
tulirui 
Zone. 


Am.  [Pachydiscus]  peramplus  Afant,  (Rothwell) 

>»  sp. 

Inoceramus  Brongniarti,  Sow.  -        -        -        - 
Cnvieri,    Sow.        -        -        -        - 
invohitiis  '?  Sow.  (1  laugh) 
mytiloides,  Sow.     -        -        -        - 
Ostrea  vesicularis,  Lam.      -        -        .        - 
Rhynchonella  Cuvieri,  d'Orb.     -        -        .        - 

„            '  Uneolata  1  Phil.  (Rigsby)    - 
Terebratula  biplicata  ?  Sow.      -        -        -        . 
„          semiglobcsa,  Sow.    -        -        -        - 
Holasterap.  - 


X 
X 


X 

X 
X 
X 

X 
X 
X 


X 

X 
X 

X 
X 
X 
X 
X 


Geology  of  Parts  of  North  Lincolnshire,  Mem.  G.  S.,  p.  127, 
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CHAFrER    XLI. 
THE  MIDDLE  CHALK   IN  YORKSHXHK 

r^  GKNPaiAL    J  )l'i^C'RIlTION. 

It  mi}(ht  ]i{iv(^  Utii  exiHjcted  that  the  chalk  of  South  Yorkshire 
Avniikl  have  Ix^eii  merely  a  continuation  of  that  of  Linc<)ln«hire,  but 
with  re.si)i'ct  to  the  Middle  Chalk  this  is  not  the  case,  for  differences 
present  themselves  as  soon  as  we  have  crossed  the  Humber,  not 
only  in  the  lower  zone  of  RhynchoTvdla  Cumeri  but  also  in  that  of 
TerebratvliTia. 

The  lower  beds  of  the  Rhynch.  Cuvieri  zone  are  an  aknost  exact 
C/Ounterpart  of  the  beds  found  at  the  same  horizon  in  Lincolnshire, 
consLsting  of  rough,  yellowish,  shelly  chalk  in  beds  of  no  great  thick- 
ness for  13  or  14  feet.  This,  however,  is  succeeded  by  white  chalk 
in  thicker  beds,  sometimes  without  flints  and  sometimes  with  flints, 
sciittered  or  in  layers,  but  this  wliite  chalk  is  not  like  that  which 
.suecee<ls  in  Lincolnshire,  being  rougher  and  containing  Inoceramu» 
niytUidde^.  Of  thLs  chalk  there  fs  2(J  feet  at  Hessle,  and  apparently 
alx)ut  50  near  South  C^ive.* 

The  Terebratidina  zone  also  becomes  somewhat  thicker,  though 
by  how  much  it  is  thicker  in  South  Yorkshire  we  do  not  yet 
know.  It  also  de^•elop8  near  the  ba«e  one  or  two  beds  of  very 
liard  compact  chalk  or  chalky  limestone,  which  bear  a  certain  re- 
S(»mblance  to  the  Chalk  Rock  of  more  southern  counties,  but  do  not 
c^)nt;iin  nodules  of  any  kind.  In  other  res}:>ecti^  the  chalk  of  thLs 
zone  re,seml)les  that  of  Lincohishiie,  contjiining  similar  grey  flints, 
with  oe^iasionally  a  thin  se^im  of  continuous  Hint  and  frequent 
layers  of  grey  marl.  It  is,  howevei',  rather  more  fossiliferous,  both 
Ter.  (jracUis  var.  Infd  and  (Uthrifcs  auhroivmbiiy  (xrurring  as  well 
as  the  common  Inm'erami—i.e.y  I.  Bwn/jniarti  and  /.  Cuvieri, 

Mr.  Hill's  rec4Mit  olwervations,  which  he  allow\s  me  to  in- 
(•orpoi-ate  in  this  chapter,  show  that  the  change  from  the 
Trrchrafidiua  zonn (Middle  (*halk)  to  the  JJol.  planus  zone  (bise  of 
I'PJMM*  Chalk)  is  gradual,  and  similar  to  that  in  Lincolnshiiv. 

They  also  throw  light  on  a  pomt  which  has  given  rise  to  some 
ditierence  of  opinion,  and  that  is  the  position  of  the  beds  containing 
Irwceramus  mytiloides.  Professor  Barrois  correctly  recorded  this 
fossil  imder  the  name  of  Inoc.  Jahiatus  from  the  lowest  part  of  the 
R.  Cumeri  zone,  and  Inoc.  Broiigniarti  from  the  overl)ang  chalk 
with  flints.    The  Rev.  J.  F.  Blake  maintained  that  the  shell  in  the 


"*  This  statement  is  based  on  information  obtnined  recentfy  by  Mr.  W. 
Kill,  see  p .  480 . 
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lower  beds  was  /.  Cuvieri,  and  that  /.  mytUoides  occurred  at  a 
higher  horizon  in  the  chalk  with  flints.*  The  real  fiicts  seem  to 
be  that  /.  mytUoides  occui-s  through  a  greater  thickness  of  chalk 
than  Professor  Barrois  at  first  supposed,  ranguig  up  into  challv  with 
iiints,  but  that  it  nowhere  occurs  abundantly  above  the  chalk 
with  /.  Cuvieriy  as  Mr.  Blake  supposed ;  that  the  comnioneKt 
forms  in  the  Terebratuli/ruv  zone  are  those  which  have  been 
referred  to  /.  Cuvieri  and  /.  Hmngniarti  ;  but  that  7.  mytUoides  and 
a  species  resembling  /.  nmlulatua  also  occur. 

Mr.  Blake  divided  the  lower  part  of  the  flint-bearing  chalk  into 
(1)  creamy  chidk  with  nodidar  flints,  and  (2)  slaty  chalk  with 
thin  flints,  grouping  both  into  a  zone  of  Inoceramus  TtiytUoides. 
This  we  cannot  agree  with,  for  most  of  it  undoubtedly  belongs  to 
the  Terebratulvna  zone,  and  in  all  probabihty  much  of  the  slaty 
chalk  belongs  to  that  of  Holaster  planxis, 

Mr.  Blake  estimated  the  thickness  of  his  zone  of  Itwc.  mytUoides 
at  200  feet,  and,  if  we  subtnict  50  feet  for  the  "  slaty  chalk,"  we  shall 
have  150  feet  for  the  thickness  of  the  Middle  Chalk  in  the  noi*thern 
part  of  the  area  ;  according  to  Mr.  Lamplugh's  estimates,  however, 
it  is  more  hkely  to  be  200  feet,  for  he  considers  the  total  thickness 
of  the  flint-bearing  chalk  in  the  northei*n  clifls  to  be  460  feet,  and 
it  is  not  Ukely  that  more  than  250  feet  of  this  thickness  is  assign 
able  to  the  Upper  Chalk  (zones  of  H,  planus  and  Micrasters). 

Stratigraphical  Dfttails. 

There  is  an  excellent  section  of  the  lower  part  of  the  Middle 
Chalk  in  the  large  quarrias  west  of  Hessle  Station.  The  following 
notes  of  the  section  were  made  by  myself  in  1880  :  — 


s: 


^ 

S^ 


4^ 
•<  a> 

^^ 


2 
0 
6 


Chalk  rul)l)l«  .--... 

Pure  white  chalk,  rather  hard,  with  a  layer  of  large 
Qodular  grey  flints  ------ 

Continuous  layer  of  greyish-white  flint,  stained 
yellowish  in  places  by  iron      -        -        .        . 

Hard  conipivct  scini-crystalline  limestone,  tinged 
with  yellow       --.--_. 

Soft  chalk,  with  horizontal  strings  of  grey  marl 

Massive  white  chalk  with  large  flints  near  the  base 
Thin  seam  of  clay. 

White  chalk  with  flints 

Thin    seam    of    clay. 

White  chalk  with  flints  of  irregular  elongate 
shapes,  Inoceramus  Brongniarti       -        -        - 
''  Layer  of  dark  clay 0 

White  chalk  without  flints,  in  beds  from  2  to  3 
feet  thick,  Inoceramus  mytiloides      -        -        - 

Rough  yellowish  chalk  in  thinner  beds,  with 
Inoceramus  mytiloides,  seen  in  excavation 
below  the  level  of  the  mils,  but  base  not  ex- 
posed       -        -        -        •  -        .        , 


ft.  in. 
2     O 


6     O 


0     4 


0 
9 
0 


2     0 


6 


0 
2 


26     O 


10     O 


61 


•  Proc.  Geol.  Assoc.,  Vbl.  v.  p.  251.  (1878). 
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It  will  be  seen  that  the  above  suocession  is  very  different  from 
anything  seen  in  Lincolnshire.  The  beds  seen  below  the  line  are 
comparable  with  those  which  occur  in  that  county  above  the  Belem- 
nite  marl,  and  are  clearly  referable  to  the  Rh.  Cuvieri  zone ;  the 
next  26  feet  seem  to  be  a  sudden  expansion  of  that  zone,  and  the 
succeeding  beds  up  to  the  course  of  hard  limestone  differ  greatly 
from  the  lower  part  of  the  TerebratuJiva  zone,  as  seen  in  Lincoln- 
shire, though  they  doubtless  belong  to  it.  I  suggested  in  1890  that  it 
seemed  "  as  if  the  sharp  demarcation  which  prevails  in  Lincoln- 
shire between  the  zone  of  Rhyrwh.  Cuvieri  and  that  of  Terebra- 
tvlijha  graxyUi^  were  here  Ix^idged  over  bv  the  occurrence  of  passage 
beds." 


The  Kev.  J.  F.  lilake  gave  some  iiccount  of  this  quarry  in  1878 
(op.  cit.  p.  252),  and  remarked  that  "  there  are  three  distinct  bands 
in  it,  known  to  the  workmen,  and  quarried  for  different  pm*po8eB. 
The  lowest  bed  [or  part]  is  worked  for  whiting,  as  it  is  entirely  free 
from  flints.  ...  It  is  this  that  produces  the  great  niunber 
of  shark's  teeth  (PtychodiLs  inammUlaris)  for  which  the  quarry  is 
noted,  and  it  also  contains  Inoceravuis  Cuvieri  [?  mtftUoides].''  He 
states  that  the  succeeding  beds  are  knowai  as  roadstone,  because 
they  supply  flints  for  road  mending,  while  the  highest  beds  are  only 
burnt  for  lime.  Terdyratvlvna  gracilis  [?  var.  lata]  and  GalerUes 
fnd}rotund\ui  oggut  in  the  middle  beds. 

Mr.  W.  Hill  has  recently  (1899)  visited  Hessle,  and  kindly  sends 
me  the  following  notes:— The  continuous  layer  of  flint  near  the 
top  of  the  Heasle  quarry  is  seen  again  at  Hearfield's  quarry  about 
200  yards  north  of  the  bridge  over  the  line,  and  is  known  by  the 
w  orkmen  as  the  "  red  bed.'*  This  pit  is  very  deep,  and  its  sides 
jiie  absolutely  perpendicular,  so  that  it  is  like  a  huge  square  well. 
Alx)ut  150  yards  north  of  that  worked  by  Hear  fields  Bros,  is  a  new 
pit,  at  a  rather  higher  level,  which  exposed  the  following  section  :  — 

ft.  in. 
Soil   and    rubble        -        -        -        -        -        -        -        -       3     0 

Rather  broken  blocky  chalk,  hard  and  white  with  a  layer 

of  flint  nodules       -------  40 

A  well  marked  layer  of  marl     -  -  -        -       0     2 

Massivechalkin  two  courses  each  with  a  layer  of  gre^  flints       4     6 

A  well  miii'kod  seam  of  marl 03 

Massive  Lard  wliite  chalk,  in  two  courses,  a  layer  of  large 

flints  near  the  base 7     6 

Very  veiny  chalk,  the  veins  strongly  marked  in  dark  grey 

marl -13 

Massive  chalk  60 

25    8 

All  the  Hints  are  of  rounded  nodular  shapes,  not  mammillated  or 
h'nticular,  and  there  are  no  continuous  seams  or  fioora.  No  fossils 
\\'(']v  found  on  the  spot,  bnt  the  character  of  the  chalk  suggests 
that  it  is  a  continuation  of  the  Tervhrafidma  zone,  and  Mr.  Hill 
found  fragments  of  several  s|HH*,imens  of  7Vrr'/>r«^?/7i?i/x  preserved  in 
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oxide  of  iron  after  ti-e4itiiig  a  sample  of  chalk  from  thL*^  quarr}' 
with  acid. 

The  next  good  section  is  in  the  cuttings  on  the  Hull  and  ^axnsley 
Railway  by  the  east  of  South  Cave.  These  also  were  revisited  by 
Mr.  Hill  in  1899,  and  the  following  observations  were  made  !>>' 
him:  — 

"  The  lowest  parts  of  the  Rhynchondla  Guvieri  zone  ai'e  beet  seen 
near  the  western  entrance  to  the  short  timnel  under  Sugrar  Ix>af 
Hill ;  thiis  part  is  13  feet  thick,  and  consists  of  hard,  rough,  yellowish 
chalk  without  flints,  divided  into  courses  by  thin  seams  of  yellowish- 
gi-ey  marl.  The  courses  are  from  a  foot  to  eighteen  inches  thick, 
and  the  chalk  weathers  into  flattish  platy  fragments ;  it  contains 
hutceramvsmytiloides,  and  is  succeeded  by  rough  chalk  with  flint^i. 

"  The  upper  part  of  this  zone  is  well  exposed  in  the  cutting  between 
the  second  short  tunnel  and  the  long  tunnel  under  Hill. 

Here  the  rough  hard  chalk,  with  layere  of  flint  nodules,  which 
appears  to  belong  to  the  zone  of  Rhynch.  Guvieri,  is  continued, 
and  its  total  thickness  must  be  about  50  feet.  Above  this  is  from 
20  to  25  feet  of  chalk  with  very  few  flints,  and  this  is  succeeded  by 
firm  white  chalk,  with  well-marked  layers  of  flint  nodules  about 
10  feet  apart.  At  the  base  of  this  last  division  are  two  courses  of 
hard  chalk,  which  weather  out  prominently  ;  these  may  correspond 
with  the  chalky  limestone  seen  at  the  top  of  the  quarry  near  Hessle 
Station. 

"  This  chalk,  with  layers  of  flints,  is  not  accessible  for  measuring, 
but  can  be  touched  over  the  mouth  of  the  tunnel,  where  I  obtained 
several  Terel)ratidina  gracilis.  Near  the  top  of  the  cutting  are 
two  conspicuous  layers  of  marl.  No  tabular  or  ex)ntinuous  flint  is 
visible.     The  total  thickness  seen  is  from  130  to  150  feet.'' 

The  succession  here  appears  to  difter  somewhat  from  that  at 
Hessle,  though  there  is  a  sufficient  hkeness  between  them  to  make 
it  probable  that  both  zones  have  continued  to  expimd  from  Hessle 
northwards.  Flints  here  make  their  appearance  in  the  Rh.  Gnvip^ri 
zone,  and  this  apoears  to  have  a  thicknp«!<  of  not  less  than  60  feet, 
while  that  of  the  Terebratxilina.  zon(\  so  far  as  it  is  ex|X)sed,  may 
l)e  put  at  tetween  70  and  80  feet. 

Whether  this  part  of  the  Chalk  exhil^its  any  fm'ther  difterenc€»s 
as  it  jiasses  northward,  or  whether  it  continues  to  exhibit  the  facies 
seen  in  these  cuttings  \\e  are  unable  to  say,  for  no  one  has  pub- 
lished any  sufficient  information  about  the  inland  exposures  of 
these  beds.  The  Rev.  J.  F.  Blake  savs  thev  can  be  seen  at  nianv 
places  along  the  coui-se  of  the  Wolds,  but  also  expressly  states  that 
he  c-ould  not  distinguish  a  zone  of  Terebratuliiia  gracilis  (op.  cit., 
p.  2(»2). 

Mr.  Hill  has  recently  (1 899 )  found  a  good  section  of  the  Rh,  Guvieri 
zone  in  a  quarry  at  (loodmanham,   near   Market  Weigh t4jn,  tlie 
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lx)ttom  being  probably  very  near  to  the  junction  with  Lower  Clialk. 

rhe  bed«  seen  are  as  folloA^'s  :  — 

'  ft.  in. 
Blocky  chalk  much  broken  into  angular  fragments,  with 

layers  of  grey  flint  nodules       -        -        -       from  10  to  12     0 
Buff  coloured  marly  chalk,  including  lenticular  layers  of     . 

liarder  chalk     -        -        -        -        -        -        -        --'08 

Hard  whitish  chalk  full  of  fragments  of  Inoceramus  shell   -     2     3 

Layer  of  marl 0     3 

Hard  rough  nodular  clialk,  Rhynchanella.  Cuvieri    -        -     1     9 
Thin  layer  of  marl  ----._.o2 

Course  of  smoother  chalk,  hard  and  white  -        -        -        -10 

Thin  layer  of  marl 01 

Massive    course    of    rough    no<lular    chalk,    cont^uning 

Inoceramus  mytiloides  and  Rh,  Cuvieri         -        -        -     3     ?i 

Layer  of  yellowish  grey  marl -    0     (» 

Smooth  hard  white  chalk seen  for     2     0 

About  24     0 

Mr.  Hill  has  also  recorded  a  section  through  the  base  of  this  zone 
in  a  pit  about  a  mile  south-eiist  of  rx)ndesborough  ;  *    this,  with  the 
wording  slightly  altered,  reads  i\s  follows  :  — 

ft.  in. 
_^      j'Soil  and  rubble      -        -        --        -       -        -16 

^        Hard  whitish  platy  chalk,  in  rather  thin  beds,  with 

^.^'  I      some     flints -30 

Qs  .§    Creamy  white  chalk,  in  thick  massive  beds,  divided 

*3  I        by  thin  seams  of  marl 6    ,6 

4>0  '  Hardish  smooth  white  chalk,  from  10  inches  to     1     0 

o        A  marked  layer  of  marl 0     3 

^        Hard  smooth  creamy  chalk  -     '  ^.       -        -        -     2     0 

Belemnite  ^Softer  marly  chalk  of  creamy  yellow  tint    •        -     1     6 

Marls.      Grey  shaly  marl,  darkest  in  the  centre  -        -        -     1     6 

Mr.  Fox-Strangways  mentions  a  (^uarr^^"  between  the  two  valleys 
jit  Londesborough,"  where  the  jimction  of  the  chalk  without 
Hints  and  that  with  flints  is  expased,  **  the  line  being  marked  by  a 
]ieculiar  band  which  weathers  in  vertictil  lines,  giving  the  bed  a 
columnar  aspect/'  He  identifies  this  band  with  that  which  occurf^ 
at  the  base  of  the  ttintv  chalk  in  Lincolnshire,  a  view  which 
suggei^ts  a  recurrence  to  the  condensed  Lincolnshire  type,  but  one 
wh ich  requires  confirmation  in  the  light  of  suljsequent  observations. 

The  whole  of  the  Middle  Chalk  comes  into  the  clifls  east  of  Speeton 
(lap,  but  very  little  of  it  is  accessible.    Mr.  Hill  has  given  the  follow- 
ing description  of  its  base  where  it  is  first  accessible,  near  the  place 
known  as  Nanny  Goats  Housef  :  — 

ft 
Hard  white  chalk  with  flints. 

Whitish    bedded    chalk,    very    hard   and  crystalline,   with 
Inoceramus  mytiloides  -        -        -        -        -        --        -5 

Courses  of  creamy  white  chalk,  about  6  inches  thick,  divided 

by   buff-coloured  marl-bands        - 2^ 

Lower  Chalk  (see  p.  234.) 


« 


Quart  Journ.  Ged.  Soc,  Vol.  xliv.  p.  346,  1888.     f  Op.  Cit  p.  346. 
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Where  these  beds  come  down  to  level  of  high-wiiter-mark,  they 
aeem  to  have  been  crushed,  and  present  a  diiiereut  aapect,  whi<^ 
haa  been  described  by  Mr.  Fox-Strangwsys,  from  whose  memoir  the 
aocompajiymg  sketoh  is  taken.  •  He  states  that  the  under  surface 
of  the  Middle  Chalk  (bed  d)  is  sharply  defined,  and  is  scored  with 
Hliokensides. 


Kifi.  84.— Juactioii  of  Lower  a 

/.  g.  Clialk  with  fUnta  in  regular 
beds. 

f.    Thin  bed  of  chalk  with  flints. 

il.  Very  hard  chalk,  cnished  niid 
Htriated  on  the  under  Hnr 
face  ;  full  of  chalcedony. 


d  Middle  Chalk  in  Bnckton  Cliff. 

r.    Diind  of  dark  coaly  dilute. 

b.   Chalk     much    cruttlicd,     wiih 

veins  of  clialcedony. 
a.  Olialk    without  flints,    irrcioi- 

larly  brtdded. 


Fossils  are  not  abundant  in  the  Middle  Chalk  of  Vorktihii-e.  with 
the  exception  of  Inocemmi,  which  are  common  throuiihoiit,  anil  tlie 
list  of  reconied  species  is  rather  longer  than  that  for  Lincohisliii-e. 
The  following  aiv  all  the  (iccurrences  that  I  mn  lie  wnrf  of  in  the 
neveiiil  KOniw  : — ■ 

I  7aw  ..f  I  7.,.w  of 


I'tyciiodiw  iiiiiiiiniilUris,  .I7.     ■ 
InouitriLiiiiia  Itmngniarti,  Smi'. 

„  mytilirideB,  Sou: 

t        „  iindulatus,  Mniil. 

O^treji  vesicularia,  Imiii. 
+  S|K>nilylii!i  fiinbriutiLi.  liniill' 
Khynchouella  Cuvieri,  i/VM.     - 
Ti- re  brat  Ilia  seiniglolM^a,  Smv.    - 
IVi-cbratulinai^auiliH,  var.  luU.  /: 
IlimrRueticrinua  ellipticus.  Miller 
Oalerites  suhrotiiiidus,  Mnnl,    - 
Holaster  jilanns,  Mant. 
■t  SalRnia  firanuloHa,  For'-tx 
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CHAPTER     XLH. 

THE    EQUIVALENTS     OF    THE     MIDDLE     CHALK     IN 

liaE     NORTH     OF     FRANCE. 

The  Middle  Challv  of  England  coiTesponds  exactly  with  the 
Turonien  of  d'Orbigny  and  with  the  "  craie  marneuse  "  and  the 
**  craie  a  Itwcerarrms  labioutus  "  of  Hebert. 

Hebert  afterwards  included  in  it  the  zone  of  Belemnites  plenvs 
and  divided  it  into  three  parts  or  zones  thus*  : — 

Upper    Zone. — Marly    chalk    with    Rhynchomlla    Cnmeri,    Holaster 

coravium,  and  Inoceramus  Broiigniarti. 
Middle  zone. — Nodular  chalk  with  Ammonites  nodosoides.  Am,  rusticus 

and  Am.  catinus. 
Lower  Zone. — Argillaceous  chalk  with  Belemnites  pienus. 

In  1871  he  included  the  overlying  chalk  with  Holaster  jAanua 
in  his  Turonienf,  and  subsequently  Professor  C.  Barrois  showed 
reason  for  excluding  the  zone  of  Bdemnites  pienus,  and  for  dividing 
the  "  craie  marneuse  "  of  eastern  France  into  two  zones— that  of 
Inoceramus  labintus  (restricted),  and  that  of  Terd>ratulina  gracUis, 
the  latter  Ijeing  the  equivalent  of  Hebert's  upjiei*  zone.  J 

More  recently  still,  higher  beds  (the  zones  of  Micra^ter  breviporus 
and  Micraster  ayrtestudinariuTn)  have  been  referied  to  theTuronian 
by  Profassor  Btirrois  and  other  French  geologists,  so  that  their 
Turonian  now  includes  much  more  than  that  of  d'Orbigny, 
which  did  not  comprise  any  beds  containing  Echinoayrys  scvtaivs 
•  and  its  varieties.  Such  beds*  he  referred  to  the  Senonian,  and  so 
did  Hebert  up  to  the  year  1870. 

It  is  clear,  therefore,  that  the  French  equivalent  of  our  Middle 
(.'halk  is  the  restricted  Turonian  of  d'Orbigny,  and  we  shall  see  that 
in  the  clifVs  of  Normandv  this  division  has  the  Melboum  Rock  at  its 
biise,  and  the  Chalk  Rock  above  it,  exactly  as  in  so  many  parts  of 
lOngland. 

To  give  anything  hke  a  complete  account  of  the  Tm-onian  Chalk 
of  the  Paris  basin  would  be  qidte  beyond  the  scope  of  this  memoir, 
and  it  must  suftice  if  we  confine  our  notice  to  those  regions  in  north- 
(M-n  France  where  the  chalk  of  this  stage  exhibits  such  lithological 
clumges  as  seem  to  indicate  the  neighbourhood  of  land.  These  re- 
gions are,  of  coui-se,  at  the  extreme  north-eastern  and  at  the  extreme 
western  borders  of  the  uvea  which  it  occupies.  For  a  description  of  the 
foi-iner  region,  we  shall  rely  chieHy  on  the  pulJications  of  Professor 


♦  u- 


See  Coinptes-remlus  Acad.  Sci.,  1864  and  1866,  and  Bui.  Soc.  G^ol.  de 
France,  Scr.  3,  Tom.  ii.  p.  416. 
t  See  Bull.  Soc.  Sciences  de  ITonne  for  1870.  p.  1.*:. 
+  Ann.  Soc.  Geol.  du  Nord,  Vol.  ii.  p.  146,  '. 
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Ch.  BaiToiH,  and  foi-  the  western  aroii  on  those  of  Meesrs.  Hubert, 
Lennier,  and  P.  IJizet. 

# 

1.  Thk  North-kast  of  France. 
Near  Calais  and  around  the  lioulonnais,  the  two  zones  which 
constitute  the  Middle  (.^halk  ))reaent  the  same  lithological  facies,  and 
contain  the  Siime  cusseniblagas  of  fossils  as  they  do  in  the  south-eai^t 
of  England.  They  are  well  exix)8ed  in  the  clifi*  at  and  east  of  Ciip 
Bbmc  Xez,  ^\i^  shown  in  Fig.  85,  which  is  based  on  a  section  di^aini 
bv  Professor  Barrois.  *     He  describes  the  two  divisions  as  follows  :  — 

Ooiapact    thick-l)edded    white   chalk,    with    TerebratuLina     feet. 
gracilis,   Echinoconus  subrotundus,   Spondylus  spinasuSy 
Inoceramus  Brongniarti,  etc.     Some  flints  in  its  higher 
part 120 

Hard  gritty  nodular  chalk,  greenish  or  yellowish,  containing 
many  fragments  of  Inrtceramiy  Inoc.  labiatus,  Ammonites 
nodosoideSj  Am,  rustictts,  Rhynch.  Cuvierij  Cardiasier 
pygnueus     -        -  -  (J6 
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Fio.  85. — Section  from  Sangette  to  Cap  Blanc  Nez. 
Horizontal  scale  1  inch  =«  1  mile.     Vertical  scale  400  feet  to  1  inch. 

4.   Zone  of  Holastrr  planufi.  2.     Zone  of  Rhynch.  Cuvieri. 

*i.  Zone  of  Terohratulina  (gracilis.  1.     Lower  Chalk. 

Again  in  the  southern  part  of  the  Paris  Basin,  in  the  departments 
of  the  Yonne  and  the  An  be,  they  pre^^^^ent  similar  characters,  and 
have  a  combined  tliickness  of  from  *^50  to  400  feet.t 

Ik^tween  these  t\vo  regions,  how^ever,  there  is  another  in  which 
the  l)eds  gradually  assume  a  different  facies.  Writing  of  the  zone 
of  I lUH'eramu,^  Utbiatus  Professor  Barrois Siivs  :t  " In  the  south  of  the 
dep.u*tment  of  la  Marne  thus  zone  consists,  as  in  the  Aube,  of  hai-d 
nodular  chalk  contiiining  Anmionites  and  the  usual  fauna.  To- 
wards the  north  it  becomes  more  homogeneous,  and  I  have  only 
found  Bivalve^s  and  BrachiojXKls  in  it.  Still  farther  north,  on  the 
border  of  the  department,  it  is  still  a  hard  chalk,  but  its  thickness  is 
recluc^  to  a  few  inches.  It  is  overlain  and  gradually  replac^l  In* 
an  argillaceous  marl,  containing  sometimes  as  much  as  70  j3er  cent, 
of  clay,  and  dug  for  brickmaking.  This  argillaceous  marl  can  be 
followed  through  the  departments  of  the  Ardennes,  the  Aisne,  and 
the  Nord,  where  the  workmen  give  it  the  name   of  dieves.     The 


*  Proc.  Geol.  Assoc,  Vol.  vi.  p.  20  (1879). 

t  See  Ht^bert  (Bull.  Soc.  Sc.  Yonne,  1870)  and  Barrois  (Ann.  Soc.  Geol. 
Nord,  T.  ii.  p.  140,  1875). 
X  Terrain  Cr^tac^  des  Ardennes,  Ann.  Soc.  Geol.  Nord,  T.  v.  p.  381  (1878). 
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8tratijj:i*a{)hical  relations  of  these  dieves  are  most  eleiirly  s<jen  in  the 
ALsiie  and  Nord,  where  they  are  divisible  into  a  lower  zone,  very 
argillaceous,  but  poor  in  fossils,  and  an  upper  zone,  less  argil- 
laceous, and  containing  an  abundance  of  Terdyratulina  gracilis. " 

"  Not  only  are  these  zones  dLstinguLshable  by  their  fossils  and  their 
lithological  composition,  but  they  are  separated  from  one  another 
by  a  bone-bed  containing  lish-teeth  and  phosphatised  fossils  rolled 
broken  (at  Foigny  and  Komery).  The  upper  division  i-e presents 
the  zone  of  Ter.  gracilis;  the  lower  division,  lying  between  it  and  the 
marl  with  Bd.  plenv^,  corresponds  w^th  the  zone  of  Irioc.  lahiatus.'* 

In  continuation  he  remarks  that  he  had  not  previously  l)een  able 
to  recognise  the  same  sub-division  of  the  di^ves  in  the  Ardennes, 
but  that  during  a  second  exploration  he  had  found  fossils  in  the 
lower  beds  which  included  some  special  forms  not  found  either  in 
the  beds  above  nor  in  the  normal  faciei^  of  the  zone.  Hence  he 
concludes  that  these  beds  cx)n8titute  a  littoral  faciee  of  the  zone, 
and  that  the  nodular  chalk  was   formed  in  deeper  water. 

These  Turonian  marls  form  the  lower  slopes  of  the  hills  which 
border  the  district  of  Champagne,  and  the  following  remarks  (with 
Fig.  S6)  are  quoted  from  Professor  de  Lapparent's  well-known 
Manual  of  Geology  (third  edition,  p.  1162) :— **  Near  Valmy  the  zone 
of  Iiioc.  laMatus  is  quite  a  marly  chalk,  and  the  zone  of  Ter.  gracilis 
is  a  white  marl  of  no  great  thickness,  overlain  by  the  nodular  white 
chalk  containing  Micraster  breviporus  and  Holaster  i)lanus.'^ 
Their  respective  thicknesses  in  this  district  are  about  80  feet  and 
alx>ut  20  feet. 


S^*  IfoneSurald 


6  5  4.  3  '  » 

Fig.  86.— Section  through  eastern  Champagne  (after  M.  Peron). 

8.  Craie  a  Micrasters.  4.  Glauconie  ^  P.  asper. 

7.  Marnes  j\  Ter.  gracilis.  3.  Marnes  au  dessus  de  laOaize. 

0.  Craie  marneuse  j\  I.  labiatiis.  2.  Gaize  de  TArgonne. 

5.  Marues  cenomanicnnes.  1.  Gault. 

In  th(^  north  of  the  Ardennes,  near  Coucy  and  iJoux,  Professor 
BarroLs  records  exix)sures  from  which  he  obtained  fossils,  and 
from  these  it  would  appetir  that  the  thickness  of  the  /.  UJnatus 
zone  is  there  al)out  12  metres  (40  feet),  and  that  of  the  T,  gracilis 
zone  only  alx)ut  3  metres  (10  feet).  Fui-ther  north,  near  Vervins, 
the  lower  marls  are  over  00  feet  thick,  but  the  T.  gracilis  marl 
not  more  than  6  feet. 

In  the  department  of  the  Nord,  these  marls  crop  out  in  the  valley 
of  the  Sambre,  and  hi  the  Forast  of  Mormal,  where  their  thickness 
is  from  70  to  100  feet.  To  the  north-west  they  have  been  identified 
in  many  of  the  deep  borings,  a.s  at  Valenciennes,  Garvin,  Gueanain, 
Orchies  and  Lille,  with  a  thickness  varying  from  00  to  140  feet. 
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The  following  is  a  list  of  the  fossils  recorded  by  Professor  Bai*i*oui 
from  these  two  zones  in  the  Di6  ves  of  Ardennes : — 


)» 


1* 


*» 


»> 


Otodus  appendiculatus,  Ag. 

Ptychodus  mammillaris,  Ag.     - 

Ammonites  Bladenciisis,  SchliUer 

C/orneti,  Barr.  et  Gu.     - 
coucyaiia,    Barr.     - 
vx.  heruensis,  SchliUer    - 
lewesiensis,     ManU 

Baculites  bohemicus,  Fritsck    - 

Nautilus  sublievigatus,    (VOrb. 

Cerithium  sp. 

Aporrhais  [  Rostellaria]  cf.  Buclii.,  (fuld/.  - 

Dentalium    medium,    Souk 

Natica   cf.   lamellosa,   Rcem. 

Pleurotomaria  sp.       -        -        -        -        - 

Pleurotoma  Roemeri  Beuss. 

Rapa  sp. 

Scalaria  abbreviata,  Bar.  el  Gu 
„       decorata,    Gein. 

Turritella  muitistriata,  Beuss    - 

Anemia  seraiglobosa,  Gein 

Astarte  acuta,  Reuss 

Eripliyla  leiiticularis  (?)  Goldf  - 
Itioceramus  Broiigniarti,  S(nr.  - 

„  labiatus,  Broiigv. 

Lima  obsolota,  Daj.    - 

semisnlcata,  Xilss.     - 


>» 


»» 


sp. 


»i 


<* 


i« 


Nucula    .seiniluiaris     Juuss 
Ostrea  Civualiciihita,  Soir.  (=--0.  latrrali^'i 
„     auricularis,    Wahl.   - 

bippopodimii,    cVOrl). 

vesicularis,  Lam.      - 

ungulata,  C(mj.  .        .        -        - 

Plicatula  Barroisi,  Per  on  (as  nodosa,  T)n]  ) 

„       sigillina,     ^oodw. 
Spondylus  latus,  Sow.        -        -        -        - 
lineatus,  Goldf.  -        -        -        - 
spinosus,  Sorw.     -        -        -        - 
\fagas  Geinitzi,  SMoenh.  -        -        -        - 
Rliynchonella  ('uvieri,  d'Orb.   - 
'IVrcbratiila  8enuglolK)8ii,  Soiv,    - 
Tcrchratnlina  ^Tacilis,  Schloth.    - 

„  striata,    Wahl. 

Bourgeticriiins  ellipticus.  Miller 
Oidaris  subvesicnlosa,  d'Orb.  - 
Micralxicia  sp.     ------ 

Parasmilia  sp. 

Polyphragma  crihrosum,  Reuss 
Flal>ellina  elliptica,  Nilss.   -         -        -         - 


»> 


»> 
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B.      The    North-West    of    France. 

rjussing  ueross  tlie  central  ))art  of  the  Paris  basin,  which  was 
part  also  of  the  central  area  of  deposition,  we  shall  notice  some  of 
the  more  westei*n  exposures  of  the  Turonian  Chalk.  Excellent 
sH't  ions  of  this  division  are  exhibited  in  the  cliffs  at  l)iepi:-\  Fecamp, 
and  Etretat,  and  these  have  been  described  by  E.  Hubert  between 
the  years  1872  and  1876,  but  so  far  as  I  can  learn  no  more 
recent  study  of  them  has  been  published.  There  are  also  good 
exposures  at  Rouen,  Villequier,  and  other  places  in  the  valley  of 
the  Seine,  which  have  been  described  bv  Monsieur  G.  Lennier  and 
others. 

The  following  general  account  of  the  "  craie  marneuse  "  in  the 
Department  of  the  Seine  Inferieur  is  translated  from  the  legend 
of  the  Yvetot  sheet  of  the  Carte  Geologique  1  Jetaillee.  **  The 
highest  part  consists  of  white  marly  chalk,  firm  and  without  flints, 
characterised  by  TerehratidiTia  gracilis.  Below  come  beds  which 
are  not  quite  so  white,  containing  many  layers  of  black  flints,  and 
characterised  by  Echinoconus  suhrotundus.  At  the  base  are  beds 
of  much  harder  chalk  containing  Im)ceramus  labiatus  (=myti' 
loides)y  which  never  contain  flints,  and  are  employed  for 
making  lime.'*  From  this  it  will  be  seen  that  the  succession  in 
this  district  corresponds  very  closely  with  that  of  Southern 
England. 

I  cannot  find,  however,  that  much  information  has  yet  been 
pubUshed  about  the  country  round  Evreux  and  along  the  valley 
of  the  Eure,  while  on  the  higher  groiind  of  the  Department  of  the 
Eure  the  chalk  is  concealed  beneath  some  thickness  of  Tertiaries 
and  of  "  clay  with  flints."  When  the  Turonian  emerges  again 
in  the  Departments  of  the  Ome,  Eure  et  Loire,  and  Sarthe  it 
exhibits  a  very  different  facies,  and  for  these  areas  we  have 
descriptions  by  the  late  M.  Guillier,  by  MM.  P.  Bizet  and  A.  de 
Grossouvre,  • 

At  Rouen  the  Turonian  zones  of  InoceramiLS  labiatus  and  Tere- 
bratulina  groAyilis  are  said  to  be  about  sixty  metres  (about  200  feet) ; 
and  more  than  half  of  this  thickness  is  shown  in  the  large 
quannes  at  the  base  of  Mont  St.  Catharine.  The  following 
is  an  abbreviated  account  of  this  section,  as  given  by  Mr. 
Lennier.* 

Metres. 

f  Weathered  chalk 3 

( Soft  white  chalk,  with  a  few  flints,  Ter.  gracilis  -  12 
Soft  white  chalk,  with  more  numerous  flints  -        -     8  '60 
Layer  of  nodules  of  hard  chalk,  green-coated,  and 
called  "  caillasse  **  by  the  workmen    -       -        -       '10 

*Bull.  Soc  Qed.  Norm.,  Vol.  vi.  p.  387. 
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Metres. 


^  Hard  and  heavy  limestone,  perforated  with  tabules, 
many  Echinoconus  subrotundus,  and  Ter.  iemi" 
globosa 'bO 

Greyish  marly  chalk,  with  Ech,  subrotundus,  Inoc, 

labiatuSj  Rhynch.  Cuvieri,  etc.  ;  flints  rare       -     6 'GO 
Soft  white  marly  chalk,  alternating  with  beds  of 

hard  greyish  comi)act  chalk     -        -        -        -      1  "85 
Greyish  marly  chalk,  with  Ammonites  nodosoides 

and  large  Inoc.  Idbiatus 2 '50 

Greyish  marly  clialk,  with  some  wliite  nodules. 

Am.  catinus,  Inoc.  labiatuSy  and  fish  remains  -     3 '50 
Thill  continuous  scam  of  flint     -        -        -  -02 

Hard  compact  chalk,  becoming  nodular,  and  imss- 

ing  down  into  a  hard  and  heavy  nodular  chalk,  j 

v^    Infjcera/imn  lahitihiH  and  Cuiarts  hh'udo    -        -     2 
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The  hard  nodular  rock  at  the  base  is  evidently  comparable  with 
our  Melbourn  Eock,  and  it  rests  on  the  grey  marly  chalk  identified 
by  M.  Bucaille  as  the  zone  of  Bdemnites  plenus.  M.  Lennier,  how- 
ever, does  not  separate  the  zone  of  Ten.  gracilis,  as  at  that  time  it 
WHS  included  in  the  zone  of  Irwc,  labiatus  ;  and  I  am  responsible 
for  the  groupiiif^  above  suggested.  The  zone  of  Holaster  flcmus  is 
exposed  in  another  quarry  near  the  top  of  the  hill,  and  there  is 
supposed  to  1x5  a  depth  of  twenty  to  thirty  metres  between  the 
two  sections,  this  being  occupied  by  the  rest  of  the  Terebratulvnu 
zone.  If  this  Ls  correct,  the  total  thickness  of  the  Turonian  here 
will  be  over  200  feet. 

At  Villequier,  lower  down  the  Seine,  the  thickness  of  these  beds 
is  much  reduced,  and  is  said  not  to  be  more  than  twenty-five  or 
thirty  niotres  (lt\ss  than  100  feet),  but  possibly  the  wliole  depth 
is  not  exposed,  Un'  tlieir  thickness  iit  Fecamp  on  the  coast  to  the 
north-west  is  «i:iven  by  HefxMt  as  45  iiietre^s,*  and  he  divides  it  inti) 
two  portions,  a  lower  portioJi  comprising  tlie  liaid  beds  with 
hJch  inoc^Hnt.^  suln'otunuiu^  (9  metres), and  an  upper  portion,  in  which 
lihyrwhonella  Cuvieri  and  Spondylus  spinosus  are  abundant  (3(5 
metres).  Here  therefore  the  two  zones  have  a  combined  thickness 
of  nearly  150  feet.  They  can  be  followed  wei^tward  in  the  clifts 
as  far  as  Etretat,  where  the  beds  are  broken  by  faults,  but  appeal  r 
to  ])e  at  least  .'U)  metres  thick;  thence  thev  can  l)e  traced  to  St. 
.Jonin,  wher<^  the  lower  zone  crops  ont  at  llie  to])  of  the  clifl'. 
Here  th(^  thickness  of  tlie  Turonian  is  given  a.s  only  12  metres, 
hut  probably  this  only  refei"s  t(^)  the  portion  which  is  visible,  all 
the  higher  part  having  been  removed  by  detritive  agencies. 

The  country  to  the  south-west  of  Rouen  has  not  yet  been  much 
explored  by  French  geologists,  and  the  surface  of  the  chalk  is  for 
the  most  part  covered  by  a  thick  mantle  of  Clay-with-flints,  so  that 
it  is  only  in  th(»  valleys  that  exposures  of  chalk  are  found.  In 
the  Orne,  ho^^  ever,  near  la  Ferte  Fresnel  and  TAigle,  the  lower  part 
of  the  Turonian  is  exposed  in  many  places,  and  the  marly  chalk 

*Bull.  Soc.  Oeoj.  He  Francr,  Scr.  :i,  Tom  iii.  p.  519. 
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is  quarried  for  the  manufacture  of  cement.    M.  Bizet  describes 
the  succession  as  follows : — ♦ 

1.  Chalk  with  Terebratella  Bourgeoisi  (seen  near  Nogent  le  Botrou). 

2.  Marly  chalk  with  Rhynchonella  Cuvieri  and  Inoceramus  lahiatus. 

3.  Giauconitic  chalk,  with  Terebratella  carantonensis  and  Ditrupa  deformis. 

The  lowest  bed  may  possibly  represent  the  zone  of  Actinocamax 
plenuSy  and  it  certainly  recalls  the  sandy  giauconitic  chalk  which 
contains  that  fossil  and  occupies  a  similar  position  on  the  coast 
of  Devon  ;  its  thickness  is  only  a  metre  (about  3  feet). 

The  zone  of  iTvoceramxis  lahiatus  is  described  as  a  white  marly 
chalk,  more  or  less  compact,  with  some  layers  of  black  flints,  but 
containing  very  few  fossils  except  the  two  above  mentioned  and 
Ostrea  colwnha  ;  its  entire  thickness  mav  be  about  30  feet.  This 
marl  makes  good  cement,  and  M.  Bizet  gives  analyses  of  three 
samples  from  different  places,  as  below  :  — 

Analyses  of  "  Craic  ruameuse.^ 


llesiduc  insoluble  in  acids 
Alumina  and  peroxide  of  iron 
[jiiuc       ,        -        -        -        - 
MafTuesiu        ...        - 
Loss  [carbonic  acid],  etc. 


L'Aigle. 

Irai. 

Senouchc. 

14-70 

14-90 

16-35 

•80 

•85 

•80 

43-50 

36-65 

43-25 

•50 

•45 

•25 

40-50 

47-15 

39-35 

100-fX)        l(X)-00        100-00 


Another  sample  from  Remalard,  east  of  Belleme,  was  still  more 
argillaceous,  yielding  26  *  25  per  cent,  of  insoluble  residue,  with 
0*30  of  alumina  and  oxide  of  iron,  and  with  only  32  45  of  lime. 
This  sample  cannot  therefore  have  more  than  57  per  cent,  of 
calcium  carlx)nate,  while  the  others  have  probably  from  65  to 
70  per  cent.  This  change  from  the  calcareous  facies  of  Houen  and 
Fecamp  to  a  deposit  resembling  oiu*  chalk  mai-1  is  very  noteworthy. 

One  of  the  most  westerly  exposures^  of  this  marl  is  on  the  road 
from  Vemeuil  to  Alen9on,  showing  :  — 


feet. 

16 
1 
3 

16 


Marly  chalk,  with  Inoceramus  lahiatus         -        -        -        - 

Yellowish  marly  chalk 

Giauconitic  marl,  with  Ditrupa  deformis  -        -        .        . 

Sands  of  the  Upper  Cenomanian    -        -        -        -   seen  for 

In  the  Sarthe,  according  to  Guillier,t  the  basement  bed  of  the 
Tiirouiiui  is  a  ciiiarlz-sand,  nioi*e  or  less  coarse.  sometimeJi  compacted 
into  sandstone  bv  a  calcareous  cement.  This  sand  varies  in  thick- 
ness  from  3  to  30  feet,  and  is  characterised  by  Ostrea-  columba, 
Catopygus  obtusuSy  Nudeolites  paralleluSy  and  Rhynchonella  Cuvieri. 
This  is  succeeded  by  a  giauconitic  chalk  about  6  feet  thick,  contain- 
ing Terehratclla  carantonensis,  Terehratula  phaseolina,  and  small 


*  Bull.  Sec.  Geol.  Norm.,  Vol.  ii.  p.  74. 

t  G^lpgie  du  department  de  la  Sarthe,  1886,  p.  266. 
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oysters.  The  glauconitic  chalk  passes  up  into  the  white  marly 
(*.halk  of  the  zone  of  Inoceramus  lahiatus,  which  containn  a  few 
scattered  flints  and  many  concretions  of  iron  pyrites,  l)iit  is  \n\- 
where  more  than  30  feet  thick  in  this  district.  Analyses  given  by 
M.  Guillier  show  that  it  varies  considerably  in  lithological  composi- 
tion, some  samples  containing:  85  per  c«nt.  of  calcium  c^rbonat^, 
others  only  from  0(5  to  74,  with  24  to  28  jDer  cent,  of  insoluble* 
?iliceous  matter. 

Tlie  /.  labial  us  niiwls  are  suc^Mjeded  by  Uids  which  were  des('i*il>ed 
by  Guillier  as  the  chalk  with  TerdtrateUa  Bourgeoisi,  but  this 
has  recently  been  separated  into  two  zones  by  M.  de  Grossouvi*e,* 
a  lower  zone  of  yellowish  sandy  chalk  or  tuffeau,  which  contains 
many  species  of  Ammonites^  especially  peraviplus,  Woolgari, 
(leverwideSy  and  Galliennei.  This  is  generally  0  or  7  feet  thick, 
and  is  well  exposed  at  Poncr,  Mozieres-sm'-Ballon,  and  Bourre , 
M.  de  Grossouvre  regai'ds  it  as  equivalent  to  the  zone  of  7'er. 
(jrojcilis.  The  succeeding  beds  are  still  more  sandy  and  micaceous 
and  some  of  them  contiiin  concretions  of  granular  sandy  chert 
enclosing  sponge  remains ;  TJryozoa  also  are  numerous,  and  among 
other  fossils  may  be  mentioned  Terebratella  Bouryeoisi,  Micraster 
Mwheliniy  Ostrea  turonensis,  and  Cyprina  Xoudiaiia,  These  beds 
varv  much  in  thickness,  but  are  sometimes  iis  much  as  30  or  40 
feet,  and  are  I'egarded  by  M.  de  Grossouvre  as  the  equivalent  of 
th<j  eastern  zone  of  Mieraster  breviporus,  and  the  craie  de  Vervins. 

It  would  api^ear  therefore  that  in  the  r)ej>artment^  of  the 
Orne  and  the  Sarthe,  the  Turonian  is  much  thinner  than  it  is 
to  the  eastward,  and  that  it  consists  of  the  following  l)eds  : — 

Yellowish  sandy  chalk,  with  Am.  jteraviji/u-a  -         -  fi 

White  111 arly  chalk,  with  Ittor.  mf/til (titles 
(jllauconitic  chalk,  with  Ter.  airantonensin 
Sand  and  sandstone  (in  Sarthe  only> 


ao 

<; 

3 

to 

30 

45 

U) 

70 

Bull.  Soc.  Geol.  de  France,  Sor.  .*^,  Tom.  xvii.  p.  505,  et  seq. 
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CHAPTER     XUn. 

THE   MICROSCOPIC   STRUCTURE   OF   THE 

MIDDLE  CHALK. 

By  W.  Hill. 

The  Middle  Chalk,  while  showing  some  differences  of  character 
when  considered  in  vertical  section,  shows  little  change  laterally 
over  the  whole  area  included  in  this  memoir.  It  will,  therefore, 
be  unnecessary  to  describe  its  aspect  in  different  districts,  except 
to  notice  some  local  peculiarity.  Its  basement  bed  is  a  hard  white 
or  yellowish-white  rough  nodular  chalk,  known  as  the  Melboum 
Rock.  Above  this  bed  the  chalk  becomes  less  nodular  and  more 
regularly  bedded,  though  in  some  localities  layers  of  nodules 
continue  to  occur  for  40  or  50  feet,  or  even  more.  Many  shell- 
fragments  can  be  seen  in  it,  and  its  weathered  surfaces  have  a  some- 
what gritty  touch.  As  one  passes  to  the  Terebratulina  zone  the 
chalk  gradually  assumes  the  character  of  a  soft  white  pulverulent 
limestone,  a  condition  which  generally  continues  to  the  Clialk 
Rock,  though  sometimes  in  the  South  of  England  it  becomes 
harder  and  more  nodular  again  towards  the  upper  part  of  the 
zone. 

The   Zone   of   Rhynchonella    Cuviebl 

•«  ■  > 

A.  Melbourn  Rock  and  Basement  Beds,       •{       '  1 
Macroscopic  Aspect 

The  appearance  of  the  Melbourn  Rock  is  usually  that  of  a  hard 
white  or  yellowish-white  rough  nodular  chalk,  markedly  seamed 
and  veined  by  greenish-grey.  Smoothed  hand  specimens  show 
that  the  veins  often  define  more  or  less  clearly  nodules  or  lumps 
of  cJialk  of  varying  size,  which  are  not  infrequently  coated  thinly 
with  a  reddish-brown  deposit.  The  nodules  are  in  some  cases 
thickly  packed  together  in'  beds  or  layers,  in  others  they  are  widely 
separated  and  distinct  from  each  other,  and  sometimes  spaces  of 
comparatively  smooth  chalk  separate  well-marked  nodular  beds,  but 
though  the  rock  may  appear  to  be  smooth  and  without  nodules, 
it  invariably  splits  on  weathering  with  a  rough  limapy  nodular 
fracture.  There  is  great  variation  in  the  sharpness  of  the  outline 
of  the  nodulas.  Sometimes  they  are  seen  as  angular  or  sub- 
angular  fragments  of  chalk,  very  cleai'ly  defined  from  the  sur- 
rounding shelly  matrix,  and  from  this  there  is  every  gradation 
4219.  Kk 
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to  tlio8e  whose  form  blends  with  and  is  hardly  distinguishable 
from  tlie  surrounding  chalk.  In  size  they  vary  from  a  minute 
fragment  not  larger  than  a  pin's  head,  but  whose  outline  is  clearly 
defined  in  the  surrounding  material,  to  a  rounded  liunp,  as  large  as 
a  fair-sized  apple. 

Though  the  Melbourn  Rock  forms  the  basement-bed  over  the 
area  occupied  by  Middle  Chalk,  it  ceases  to.  hold  this  position  in 
South  and  West  Dorset,  where  more  or  less  of  it  is  replaced  by  a 
bed  or  beds  of  hanl  smooth  chalk  destitute  of  the  noaules  which 
arc  so  characteristic  of  the  Melbourn  Kock«  In  Devon,  the  basel- 
bed  is  a  hard,  rough  yellowish  limestone,  which  differs  both  from 
the  Melbourn  Rock  and  the  smooth  chalk  of  Dorset. 

Mi(^roscopic  Aspect. 

Examined  under  the  microscope  in  thin  sections  the  appearance 
presented  by  the  Melbourn  Rock  is  alike  nearly  everywhere,  the 
chief  differences  being  in  the  definition  of  the  outline  of  the  nodules 
and  the  varying  pro}X)rtion8  and  size  of  the  shell-fragments, 
Foraminifera,  and  "  Spheres.*' 

Before  going  further,  a  fuller  reference  must  be  made  to  the 
nature  of  the  calcareous  bodies  which  have  been  so  often  alluded 
to,  and  which  are  so  important  a  constituent  of  many  parts  of  tlie 
Lower  and  Middle  Chalk.  These  Spheres  are  smaU  bodies  with 
either  a  perfectly  spherical  or  slightly  ovoid  outline.  They  appear 
to  1x3  simple  monothalamous  cells,  with  comparatively  stout  walls, 
the  material  of  which  is  now  finely  granular  crystalline  calcite. 
In  lx)tli  varieties  the  centre  of  the  cell,  though  often  hoUow^,  is 
frequently  lilled  with  minute  calcitic  crystals.  In  size  the 
Spheres  are  usually  from  06  to  '08  mm.  in  diameter,  a  few 
of  the  largest  reacliiiig  *!  mm.,  rarely  more.  The  ovoid  forms 
are  rather  smaller  than  the  average-sized  Si)here. 

A  great  deal  of  doul)t  still  exists  as  to  the  actual  nature  of  these 
bodies.  Early  geologists  referred  to  them  generally  as  "  the  young 
of  Globigcrina  or  other  Foraminifera/'  but  if  this  was  really  the 
case  in  the  many  thousands  present  in  the  chalk,  it  would  surely 
be  possible  to  follow  the  Sphere  to  it.s  adult  stage.  No  such 
l)rogress  can  be  seen  towards  the  fully  developed  Glohigerina  or 
any  other  Foraminifera,  and,  whatever  their  real  nature  may  be, 
they  wn'tainly  appear  to  have  reached  matiu'ity. 

Professor  Blake,  in  his  paper  on  the  Yorkshire  Chalk.*  mentions 
the  occurrence  of  minute  hollow  Spheres.  He  was  "  not  able 
definitely  to  find  any  apertures  in  them  ;  otherwise  they  look  like 
Orhxdina  universal  abounding  to  the  exclusion  of  all  other  Fora- 
minifera." 


Proc.  Geol.  Assoc,  Vol.  v.,  p.  266  (1878). 
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In  notes  on  the  white  chalk  of  Yorkshire,  by  Major-Genei'al 
lOmmett,*  Messrs.  Parker  and  Jones  suggest  that  these  minute 
cliambers  were  "  separate  cells  of  Globigerina  and  Lentalirui,  the 
former  predominating." 

M.  Cayeux,  who  has  also  noted  their  extreme  abundance  in  the 
chalk,  particularly  at  the  base  of  the  Turonian,  in  many  localities 
in  the  Paris  basin,  refers  to  them  as  monoloculai*  Foraminiferat 
of  the  genus  Fissurina  or  Orhulina.  In  the  zone  of  Inoceramns 
hthiatus  near  liouen,  he  estimates  the  Spheres  to  form  95  to 
08  i)er  cent,  of  all  the  Rhizopodul  fauna  (pages  288  and  305;. 

In  1 890  Dr.  Hinde  wrote :  "  I  do  not  think  they  can  l)e  placed 
with  Radiol  aria,  and  they  are  not  to  be  included  with  8i)ongert.'*J 

Mr.  F.  Chapman,  who  also  kindly  exanuned  some  of  our  wash- 
ings containing  Sj)heres,  l)elieved  some  of  them  to  be  lladiolaria, 
and  thought  that  in  some  instances  he  could  make  out  a  "  medul- 
lary cell  "  and  its  supports,  and  see  also  traces  of  the  siliceous 
network  of  the  walls.  In  other  more  Iflattened  sphaeroids,  he  saw 
a  strong  resemblance  to  the  globate  dermal  spicules  of  certain 
sponges ;  but  the  real  nature  of  the  majority  of  these  ciilcareous 
spheres  still  remains  an  enigma. 

IJesides  the  Soheres,  there  occur  in  most  chalks  nianv  ''  e(  lis  " 
which,  without  doubt,  are  the  young  of  Foraminifera,  and  are  not 
infrequently  double.  Though  single  cells  can  easily  be  con- 
founded wiih  true  Spheres,  they  may  usually  be  recognised  by 
tlieir  thinner  walls  and  by  some  irregularity  of  outline.  Such 
cells  are  more  easily  recognised  in  the  Upper  Chalk,  where  they 
sometimes  form  the  most  prominent  feature  in  thin  sections,  and 
where  Spheres   are  less  abundant. 

In  all  specimens  examined  from  Dorsetshire  the  nodules  are 
ill-defined,  and  the  rock  consists  chiefly  of  spheres  thickly  packed 
in  a  calcareous  paste,  now  indurated  by  semi-crystalline  granular 
calcite,  while  here  and  there  large  Globigerina  and  a  few  Textu- 
laria  occur.  Large,  coarse  shell-fragments  are  not  common,  but 
the  matrix  of  several  specimens  is  full  of  minute  calcitic  particles 
probably  derived  from  shells. 

Specimens  of  Melbourn  Eock  from  Wiltshire  and  from  all  counties 
to  the  north-eastward,  including  Suffolk  and  Norfolk,  and  those 
also  from  the  south-eastern  counties  including  Hampshire  and  the 
Isle  of  Wight,  all  present  much  the  same  general  characters. 

The  leading  feature  in  all  cases  is  the  abundance  of  shell-frag- 
ments, either  fine  or  coarse,  and  of  Spheres.     The  shell-fragments 


♦GeologiBt,  Vol.  ill.,  p.  420,  1860. 

t  Contribution  k  TElude  Micl-ographique  des  Terrains  Sedimentaires, 
pp.  222,  263,  267,  401,  etc. 
X  Joum.  Hoy.  Mic.  See.,  1890. 
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are  chiefly  prisms  of  Inoceramus,  or  fragments  of  these  shells 
showing  the  prismatic  structure.  The  quantity  of  shell-particles 
seen  in  different  specimens  varies  considerably.  In  some  cas^ 
they  form  60  per  cent,  of  the  rock-material,  or  even  more,  and 
where  shell-fragments  are  a  less  impoilant  constituent,  large  and 
coarse  prisms  or  pieces  of  Inocerarrms  shell  are  often  a  marked 
feature  in  thin  sections  of  the  rock.  The  interstices  between  the 
shell-fragments  are  often  crowded  with  Spheres,  and  where 
shell-fragments  are  not  abundant  the  Spheres  frequently  con- 
stitute the  major  part  of  the  deposit,  while  here  and  there  a  large 
Globigeriiia  or  Textvlaria  occurs. 

In  the  counties  of  Buckingham,  Bedford,  Hertford,  and  Cam- 
bridge the  Mel  bourn  Rock  consists  of  two  well-defined  layers— a 
lower  nodular  bed,  white  in  colour,  and  an  upper  yellowish  layer. 
In  the  lower  layer  (Plate  VII.  Fig.  1)  the  nodules  are  thickly  packed, 
sometimes  well  defined,  but  sometimes  difficult  to  distinguish.  Under 
the  microscope  they  are  seen  to  consist  of  more  evenly  constituted 
chalk  than  the  surrounding  matrix,  and  frequently  contain  traces 
of  Radiolaria,  The  matrix  usually  consists  of  amorphous  material 
and  fine  calcareous  particles,  but  occasionally  large  fragments  of 
InxKcramus  sliell  occur,  while  Spheres  are  abundant,  and  form 
a  large  part  of  the  rock.  The  upper  yellower  part  (Fig.  2)  is 
smoother,  the  nodules  often  widely  separated  and  better  defined 
than  in  the  lower  layer.  Coarse  fragments  of  /noceramtw-shell 
are  a  feature  in  the  amorphous  matrix,  and  Spheres  are  not 
HO  important  a  constituent  of  the  deposit. 

In  specimens  from  well-marked  nodular  rock  it  will  be  seen  that 
the  nodules  have  a  different  structure  to  the  surroimding  chalk. 
They  consist  of  a  fine,  somewhat  dense  calcareous  paste,  now 
liardened  by  the  infiltration  of  calcite  ;  Spheres  are  moderately 
abundant,  and  a  few  Globigerina  and  Textvlaria  can  be  seen,  but 
shell-fragments  are  not  numerous  (see  Plate  VI.).  As  a  rule  they 
resemble  the  upper  part  of  the  Lower  Chalk  and  the  hard 
white  chalk  which  often  occurs  in  the  Belemnite  Marls. 

The  material  surrounding  the  well-marked  nodule  is  usually 
crowded  with  coarse  shell-fragments ;  a  few  GlohigcrincB  occur, 
wliile  *' Spheres ''  often  occupy  all  the  other  available  space,  the 
whole  being  cemented  by  amorphous  calcareous  paste,  now  finely 
granular  crystalline  calcite.  In  some  cases  where  the  whole  of 
the  amorphous  paste  is  removed,  the  matrix  is  practically  a  shell 
Han  I,  and  the  cementing  material  is  infiltrated  calcite  (Plate  VI. 
Fjg.  1).  The  difference  in  the  character  of  the  nodule  and  that 
of  the  surrounding  matrix  is  often  striking,  and  in  mimy  examples 
of  this  rock  a  distinct  arrangement  of  the  particles  of  shell  can 
\)3  traced  round  the  nodule,  strongly  suggesting  that  they  had 
baen  deflected  from  their  course  by  the  nodule  while  travelling 
over  the  sea-bed  under  the  influence  of  a  gentle  current.*  From 

•  Tho  nodular  character  of  tlic  Melhonrn  Rock  is  often  very  well 
shown  in  rolled  frajrnentii  on  the  sra-shore,  as  near  Dover  a::d  Beachy 
Uead« 
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the  well-marked  nodule  there  is  every  gradation  to  one  the  boun- 
daries of  which  cannot  be  distinguished  from  the  surround- 
ing matrix  in  a  thin  section,  but  which,  on  the  other  hand,  may 
be  detected  in  a  smoothed  hand  specimen  of  the  rock. 

Xodules  are  least  distinguishable  from  the  mass  of  the  Mel- 
l)ourn  Rock  where  but  few  shell-fragment^s  are  present  and  the 
matrix  has  a  finer  grain  approximating  more  closely  in 
its  character  to  that  of  the  nodule.  In  such  cases  tlie 
presence  of  Radiolaria  will  sometime  serve  to  distinguish  nodule 
from  matrix,  for  it  is  onlv  in  the  nodules  of  the  Melbourn  Rock 
that  well-marked  traces  of  Radiolaria  occur.  Bodies  of  peculiar 
as])ect,  but  otherwise  somewhat  inconspicuous,  were  noticed  many 
years  ago,  but  it  was  not  until  the  changes  in  the  mineralization 
and  structure  which  the  Radiolarinn  test  undergoes  had  been 
studied  in  the  rocks  of  Barbados  that  their  true  origin  became 
manifest.  Radiolarian  have  l)een  noticed  in  the  nodules  of  the 
Melbourn  Rock  from  many  localities.*  Their  siliceous  skeleton 
has  entirely  disappeared,  and  the  whole  form  is  filled  in  and  replaced 
by  calcite.  It  is  therefore  impossible  to  refer  the  forms  to  their 
respective  genera  with  accui*acy,  but  they  appear  to  belong  to  the 
sul)-class  SpumMaria,  and  to  the  families  Liosphccrida,  Astro- 
sphcerida,  and  StaurosphiBrida,  and  some  to  the  genera  Dory- 
spha^ra  and  Amphihradiium. 

Specimens  of  the  basal  beds  of  the  Middle  Chalk  from  Lincolnshire 
and  Speeton  resemble  more  closely  those  from  Dorsetshire  than 
those  from  the  intermediate  counties,  the  nodules  being  ill-defined. 
The  rock  is  often  very  full  of  coarse  shell-fragments,  while  in  other 
cases  Spheres  constitute  the  chief  recognisable  ingredient. 

Washings. 

From  the  hard,  rocky  nature  of  the  chalk  at  this  horizon, 
washing  the  specimens  would  be  of  little  use,  unless  time  allowed 
the  examination  of  a  large  quantity  of  material.  It  was,  thei*e- 
fore,  not  attempted. 

Examination  of  Residues. 

Eight  specimens  of  the  Melbourn  Rock  have  been  chemically 
treated  either  by  myself  or  by  Dr.  Hume,  and  it  will  be  seen  from 
the  results  given  in  the  table  that  there  is  a  general  uniformity 
in  the  series,  and  that  the  amount  of  residue  obtained  from  an> 
one  of  them  is  comparatively  small.  The  largest  amount  was 
obtained  by  Dr.  Hume  from  the  "grit-bed"  of  Dover,  while  that  of 
north-west  Norfolk  is  the  purest  chalk,  containing  scarcely  1  per 
cent,  of  residuary  matter. 

Detrital  Minerals. — The  quantity  of  detrital  minerals  in  the 
Melbourn  Rock  is  very  small.  Quartz  is  the  most  abundant ; 
it  occurs  as  usual  in  minute  angular  and  subangular  or  rounded 
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grains.  Besides  quartz,  Mr.  Teall  i^ecognises  orthoclafie  in  the 
coarse  residue  of  the  specimen  from  Barret  Ringstead,  Norfolk, 
and  three  grains  of  magnetite  adhered  to  the  magnet  on  its 
apphcation  to  the  residue  of  the  same  specimen. 

From  the  bise  of  the  nodular  chalk  at  Swanage  Dr.  Hunie 
records  felspars  "  which  differ  but  little  from  the  quartzes  l>y 
which  they  are  surrounded ;  they  are,  however,  at  once  distin- 
guished by  the  kaolinisation  which  they  have  undergone."  He 
also  notes  that  at  Folkestone  zircons  occur  so  large  and  con- 
spicuous as  to  attract  attention  on  mere  inspection  of  the 
residue,  and  not  only  in  rounded  grains  but  fragments  ot  well 
preserved  crystals.* 

The  average  size  of  detrital  minerals  in  our  residues  varies 
from  10  mm.  to  19  mm.,  the  largest  grains  measuring  -53 
and  48  mm.,  but  Dr.  Hume  found  grains  measuring  2}^  mm.  by 
1  ]  mm.  at  Swanage.f 

Secondary  Minerals. — Besides  masses  of  a  porous  iron  oxide 
of  irregular  shape,  which  occur  in  all  the  residues,  there  is  little 
to  rec^nl  under  this  heading.  Glauconite  is  rare  and  generally 
absent  altogether,  but  in  the  rock  at  the  base  of  this  zone  at  Beer 
there  are  casts  of  Foraminifera  in  a  yellow^ish  glauconite. 

In  every  residue  from  chalk  at  this  horizon  there  occurred 
prvAiIiar  honeycomb-like  structures,  apparently  of  organic  origin. 
Dr.  Hume  thus  refei's  to  them  +  :— "  They  appear  perfectly  snov** 
white  when  viewed  by  reflected  light,  and  looked  at  from  the  upper 
surface  present  a  very  definite  network,  the  orifices  being  fi-e- 
(luently  circular  in  outline,  and  the  walls  complete  and  somewhat 
thickened.  In  transverse  section  the  canals  are  tubular,  and  the 
walls  are  then  sometimes  seen  to  be  themselves  })erforated  by 
numerous  aj3erture^s.'*  Dr.  Hinde  examined  these  structuiws, 
but  was  unable  to  refer  them  to  any  sponge  family.  "  The  con- 
clusion finally  arrived  at  is  that  the  networks  were  originally 
sponge-mesh,  i)ut  that  sul3sequent  chaleedonic  changes  ha\e 
()!)liteFated  all  those  charactei's  which  would  enable  their  true 
}r  Miei'ic  position  among  the  Pari f era  to  b(»  determined." 

There  are  also  other  silicilied   fragments  occurring  in   manv 

of  the  s{>ecinunis  which  Dr.  Hume  descrites  in  his  notes  on  the 

^liddle  Chalk  of   Devonshire  :  —  *' These   consist   of   the  silicified 

olumnar    aggregates    formed  interprismatically  in  Inoceramus' 

shell."      A  few^  silicified    prisms  of  / /lor^ram Tts-shells  also  occur. 

Besides  the  fragments   noted  abo\'e  there  were  a  few  fiat  pitH'es 

in  some  of  the  residues,  j)robably  sIk^IK  but  showing  no  definite 

structure. 

.      ■»■■■-  ...  1,1  .1  — 

*  Chemical  and  Micro-Miiieralogical  Reseiirclies,  j).  40. 

+  This  observation  re^iuires  confirmation  ;  it  is  possible  that  the  large 
quartz-grains  may  have  been  driven  from  the  shore  into  the  crannies  of 
the  rock  from  which  the  sample  was  taken,  or  that  some  of  the  whito 
chaleedonic  lumps,  which  are  from  2  to  3  mm.  in  size,  were  mistaken  at 
the  time  for  quartz. 

:;:  Chemical  and  Micro-Mineralogical  Researches,  p.  47. 
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A  considerable  portion  of  many  of  the  residues  consisted  of 
small  aggregations  apparently  of  tine  eiliceoua  matter  ;  these  had 
no  definite  form,  and  did  not  appear  to  be  fragments  of 
Foraminifera . 

Foraminifera. — Our  remarks  on  the  Foraminifera  of  the 
Melbourn  Kock  are  confined  exclusively  to  the  forms  isolated  from 
the  acid  residues;  doubtleas  if  time  allowed,  and  a  sufficient 
number  of  speciraenB  were  broken  up  and  examined,  the  list  of 
forms  would  be  materially  increasetl.    Tliis  list  is  as  foUowa:  — 


■     — 

I'l 

J 

■1 

li 

SB 

1 
3 

1 

MjH 

Rhizamminft      -                -        - 
It<!i)plLax  (sp.  nov.)    - 
Hitplophragmiiim    sp. 
Amniodisciis   incertiip,   d'Orb.  - 
„          tenuis     Brady 

charoides  J.  &  P. 
'X  (^xtitlaria    minuta,  Bertk 
Biiiimina  Presli  Eetui      - 
affiniB,  d'Orfe.     - 
.,        brevis,rf'f>r&.      -        - 

X 

7 

H 
11 

H 

H 

X 

' 

X 
X 

Those  marked  H  are  recorded  in  Chemical  Micro-Mi neralogical  Besearchefi. 
p|).  47  and  5U  ;  the  remainder  are  from  our  own  residues,  and  have  been 
identified  by  Mr.  F.  Chapman. 

It  will  be  seen  that  the  prevailing  forme  of  this  zone  belong  to 
the  genus  Amnwdiscua.  Bulimines  occur  simringly ;  Bulimina 
I'redi  and  Bulimiiui  hrevit  continue  into  this  zone,  but  the  speci- 
mens are  small  and  delicate.  It  may  be  noted  that  tlioy  still 
occur  in  southern  specimens.  All  the  forms  in  the  alx)ve  ligt 
range  up  from  the  Lower  Chalk. 

The  tabulated  i-eeulte  obtained  from  analyses  of  the  Mtilbouni 
Rock  will  be  found  on  p.  512. 

B.  Ch.alk  above  Melboubn  Rock. 

Microscopic  Aspect. 

With  one  exception  there  seems  but  little  difFerence  in  the 
i^haik  of  this  zone ;  from  whatever  locality  the  Rpecimen  is  taken 
thf  same  general  characters  are  exhibited  when  a  thin  section 
is  viewed  under  the  microccope. 

This  chalk  is  spei'ially  characterised  by  the  abundance  of 
Spheres,  which  seem  larger  and  more  iwldly  outlined  than  at 
any  other  horizon  :  their  cell-walls  are  often  well  defined  bj- 
a  rim  of  clear  crystalline  calcite,  and  their  interiors  are  filled  with 
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calcitic  crystals,  so  that  the  contrast  between  them  and  the  darker 
tint  of  the  calcareous  matrix,  in  which  they  are  embedded,  brings 
them  into  strong  relief  when  thin  sections  of  the  rock  are  viewed 
under  the  microscope  (see  Plate  VIII.  Fi^^.  1).  Large  GlobigeHna  and 
a  few  Textularia  also  occur,  the  former  being  fairly  numerous  in 
some  specimens,  but  as  a  whole  their  proportion  to  the  mass  of  the 
rock  is  not  great.  Large  fragments  of  Irvooeramus-ahell  are  abun- 
dant, and  serve  also  to  distinguish  this  zone  from  all  others  in 
the  chalk,  but  their  number  diminishes  gradually  towards  the 
summit  of  the  zone. 

The  regular  character  of  this  zone  is,  however,  broken  in  Devon- 
shire by  the  well-known  Beer  Freestone,  and  by  other,  but  less 
important,  rocky  beds  which  occur  above  or  below  this  stone. 
The  Beer  Freestone  consists  almost  entirely  of  coarse  calcareous 
shell-fragments.     Some    of   these   are  prisms  of  Inoceramits,  and 
others  are  plates  of  Echiiwdcrms,  but  the  larger  number  are  frag- 
ments of  irregular  shajx),   which  show  a  peculiar  perforated  or 
cellular-like   structure.       There  are  no  Spheres  and   very   few 
Foraminifera,  but  the  interstices  between  the  shell-fragments  are 
filled  with  amorphous  calcareous  material,  the  whole  being  in 
a  semi-crystalline  condition.     The  rock  is  therefore  a  shell  lime- 
stone, and  can  hardly  be  called  a  '*  chalk.'' 

The  basal  part  of  the  freestone  has  a  similar  structure,  consisting 
almost  entirely  of  perforated  shell-fragments .  Our  section  con- 
tains also  three  or  four  lai'ge  glauconitic  grains. 

Since  the  above  was  written,  Dr.  G.  J.  Hinde  has  cut  slides 
from  samples  of  the  Beer  and  Sutton  freestones  sent  him  by  Mr. 
Jukes-Browne.  These  show  that  both  freestones  have  the  sjime 
constituents  and  a  similar  structure,  but  that  Foraminifera  are 
ratlier  more  abundant  in  the  Sutton  stone.  Dr.  Hinde  writes: 
'*  From  further  study  of  the  puzzling  reticulate  structure,  I  think 
that  some  at  least  may  be  due  to  the  excavations  of  boring 
organisms  in  fragments  of  Inoceramus-s^\^\\,  The  borings  do  not 
remind  me  of  those  of  lioring  sponges,  but  there  are  various 
organisms  capable  of  this  work." 

Above  the  freestone  is  the  "  cockly  "  or  "  roof  bed,"  as  it  is 
called  bv  the  workmen.  This  has  a  structure  which  recalls  that 
of  the  Melbourn  llock.  A  thin  section  shows  the  rock  to  con.sist 
largely  of  coai'se  shell  fragments,  chiefly  77i/)ccram?/s- prisms,  and 
a  few  showing  the  cellular  structure;  large  Glohigerina  ar.' 
common.  These  coarse  organic  fra<j:ments  are  rather  irregularly 
distributed,  and  in  some  placets  not  vorv  closely  imcked^the  inter- 
vals lx,Mng  filled  with  amorphous  calcareous  paste,  in  which  a  gcod 
many  spheres  occur.  The  section  contains  also  well-marked 
area-?,  which  appear  to  l^e  nodules  of  partly  consolidated  chalk 
of  quite  a  different  character.  These  nodules  consist  chiefly  of 
amorphous  paste,  numerous  spheres,  and  scarcely  any  shell  frag- 
ments. Four  or  five  large  grains  of  glauconite  occur  in  this 
section,  and  a  single  and  somewliat  large  grain  of  quartz. 
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The  hard  limestone  from  the  top  of  the  Cuvieri  zone  in  Beer 
quarries  is  a  true  chalk,  consisting  of  a  fine  chalk-paste  crowded 
with  shell-fragments,  Foraminifera  and  Spheres,  the  fragments 
being  of  Echniodermal  plates  and  spines,  and  of  Inoceramus  and 
Bracluopod  shells. 

Examination  of  Besidues. 

The  results  of  ten  analyses  of  the  Chalk  of  this  7jone  are  given 
in  the  annexed  table,  no  less  than  seven  of  them  l^eing  from  notes 
by  Dr.  Hume.  Five  of  these  are  from  an  exceedingly  interesting 
locality,  viz..  Beer  in  Devonshire,  and  they  include  the  well- 
known  Beer  Stone.    (See  p.  513.) 

The  amount  of  fine  residue  does  not  vary  greatly,  with  the 
exception  of  the  specimen  from  East]x)urne,  which  contains  772 
\yev  cent,  of  fine  clay,  an  amount  which  exceeds  that  of  many 
specimens  at  the  summit  of  the  zone  of  Holaster  svbglobosus.  Tlie 
next  highest  is  that  from  the  specimen  from  Beer,  Devonshire, 
with  3*812  per  cent.  Those  from  Herts  and  Beds  are  much  alike 
in  character,  while  at  Hessle  we  get  for  the  firat  time  a  residue, 
of  less  than  1  per  cent.  The  larger  proportion  of  coai^se  residue, 
both  in  thus  and  the  Hitchin  specimen,  is  accounted  for  by  the 
occurrence  of  the  small  chaloedonic  nodules. 

Detrital  Minerals.  —  These  occur  in  greatest  variety  in 
the  Devonshire  specimens. 

From  the  lower  part  of  the  zone  at  Beer  Bay  Dr.  Hume  identified 
Quartz,  silvery  white  Muscovite  and  brown  Biotite,  and  in  the 
higher  part  of  the  zone  Tourmaline  is  added  to  these. 

In  the  Beer  Stone  Dr.  Hume  recognises  amongst  the  detrital 
minerals  Quartz,  Rutile,  Tourmaline,  Andalusite  and  Anatase. 
From  other  localities  Quartz  and  Zircon  are  the  only  two  which 
have  been  identified. 

The  largest  grains  occur  in  the  Beer  Stone,  one  of  them,  shghtly 
coloured  yellow,  having  a  diameter  of  *88  mm.  The  next  largest  is 
from  our  own  sjiecimen  from  Lul worth,  the  maximum  here  being 
•48  mm.  The  average  size  both  at  Beer  and  Lulworth  is  the 
same,  viz.,  '15  mm. 

Secondary  Minerals.— Glauconite  was  not  found   in  any 

specimens  from  this  zone,  except  in  those  from  Devonshire.  Deep 
green  grains  of  glauconite  are  present  in  the  Beer  Stone, 
and  small  grains  were  scattered  through  the  residue  of  an 
example  from  the  bed  which  represents  the  Beer  Stone  in 
Beer  cliflfs. 

Dr.  Hume  records  limonite  in  short,  stout  rods,  consisting  of 
small  brown  pellets  bound  together  and  changed  externally  into 
yellow  ochre  in  many  places.  Irregularly  shaped  masses  of  iron 
oxide    were     of    common    occurrence    in    the    more    easterlv 

AT 

specimen. 
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We  now  give  Dr.  Hume's  original  notes  on    the    analyses    of 

Rj)eeinien8  from  this  zone  in  Devonshire : — 

'Base    of  Bhynchonella   Cuyieri  zone    (eastern   side 

of  Beer  Bay).— //ioc(>ramiis  mytHaides  and  small  Discoidea  abun- 
dant in  the  rock.     The  residue,  coarse  enough  for  examination, 
weighed  only  OTA  gramme,  and  of  this  '039  gramme    consists 
of  the  silicified  columnar  aggregates   formed   interprisniatically 
in   /noceramus-shells.    Many   of  these  viewed  from  above  show 
an  open  hexagonal  mesh  work,  and  from  the  side  an   arrange- 
ment of  delicate  columns  or  films.    Others,  in  which  the  change 
has  proceeded  further,  are  covered  on  the  surface  with  rounded 
chalcedonic  projections,  the  columns  at  the  upper  surface  being 
expanded.     In  the   finer    residue  a   noticeable    feature     is    the 
abundance  of  irregular  or  sub-hexagonal  flakes  of  mica,  show- 
ing  very  low  tints    from    grey    to    almost  black.     These    are 
mostly    silvery-white    Muscovite,    though    thin  brown  flakes  of 
Biotite  are  also  present.    The  remainder  of  the  residue  consists 
mainly    of    yellow    glauconitic    internal  casts  of   Foraminifera, 
mostly    in    single    spherical    chambers,    but    not   unfrequently 
also  in  aggregates  of  three  or  four,  these  combinations  being  not, 
however,   sufficiently  well  pre8ei'\'ed  to  determine  the  probable 
genus. 

**The  average  size  of  the  quartz  grains  is  about  'IS  mm.  Com- 
pared with  the  beds  l)elow,  there  is  thus  a  marked  diminution 
in  the  quantity  of  detrital  minerals,  mica  and  quartz  being  the 
only  representatives. 

'Middle  Beds  of  Rhynchonella  Cuvieri  zone  (Pin- 
hay  ClifY,  near  Lyme  Regis).  — The  amount  of  coarse  residue  in 
this  sample  weighed  027  gramme,  and  of  this  '017  gramme  con- 
twisted  of  silicified  Inoceramxis  fragments  similar  to  those  pre- 
viously descnl)e(l — viz.,  hexagonal  meshes  or  paj)ery  films.  The 
remainder  consists  mainly  of  angular  (juartz  grains,  whose 
average  size  was  '125  mm.  in  diameter,  and  the  large^st  does 
not  exceed  *27  mm.  Glaueonite  grains  are  scattered  through 
the  residue,  but  present  no  special  features  of  interest.  Flakes  of 
^[uscovite  mica  are  not  uncommon,  i)ut  no  heavy  minerals  were 
observed.  The  remainder  of  the  residue  consists  of  the  silicitird 
organic  fragments  previously  referred  to.  Amongst  the  residue 
was  a  beautifully  pi-escM'ved  small  idiomoqihic  crystal  of  quartz, 
the  prism  and  rhombohedral  faces  l)eing  well  developed.  It  also 
contained  a  few  rounded  gas  cavities. 

'Upper   part   of    Rhynchonella   Cuvieri    Zone   (Pin 

hay  ClilY).— The  residue,  in  it«  main  feature.^,  consLsts  of  tho 
remains  of  silicified  Inocrrami  and  foraminiferal  tests,  numerou;: 
rod-like  aggregated  masses  of  Limonite,  quartz  grains,  the  larget^t 
3  mm.  diameter,  and  flakes  of  musco\ite  mica.  Oil  gramme  ot 
tlie  residue  was  over  "5  mm.  diameter,  and  consisted  almost  entire! v 
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of  silicified  InoceramiLS  fragments,  in  which  the  original  hexagonal 
mesh  has  become  obscured  owing  to  the  stalactitic  outgrowths 
of  the  chalcedony.  The  limonitic  aggregates  are,  as  already 
remarked,  in  short  stout  rods,  consisting  of  small  brown  pellets 
loosely  bound  together,  and  changed  externally  into  yellow  ochre 
in  many  places.  Several  thin  flakes  of  silvery  muscovite  mica 
are  also  present,  showing  feeble  tints  under  crossed  Nicols.  In 
the  finer  residue  the  remains  of  silicified  Foraminifera  are  ver\' 
numerous,  two  specimens  of  Ammodiscus  incertus  being  still 
recognisable,  while  the  length  and  pyramidal  form  of  some  of  the 
silicihcations  point  to  their  having  been  tests  of  Textvlariw 
or  Bolivin(B  now  altered  beyond  recognition.  A  few  rounded 
grains  of  glauconite  are  present,  one  case  also  of  a  two-chambei^ed 
cast  united  by  a  broad  connection  Ijeing  ob8ei-\'ed. 

**  The  quartz  is  mostly  angular  and  colourless,  only  containing 
minute   gas  inclusions.    Tourmalines   have   been   noted,   one   a 
crystal,  having  perfect  rhombohedral  terminations  at  one  end, 
i)ut  fractured  at  the  other ;  while  another  is  an  irregular  brown 
grey  fragment,  showing  very  strong  absorption. 

"Typical  Beer  Stone  (Mr.  Jukes-Browne*s  specimen). — 

Tlie  residue  of  this  weighed  '092  gramme  and  consists  mainly  of 
highly  angular  quartz,  accompanied  by  numerous  flakes  of 
silvery  muscovite  mica,  green  grains  (rounded  chamber-casts) 
and  rods  of  glauconite,  these  being  comparatively  rare,  a  little 
chalcedony,  some  pyrites,  and  abundant  crystals  of  black,  fibrous 
columnar  tourmaline. 

"  The  following  is  a  more  detailed  account  of  the  detrital  minerals 
observed  :— 

**  Quartz  ffrain^.— Although,  as  has  been  stated,  the  residue  con- 
si:jt8  in  the  main  of  fine  angular  particles,  some  twenty  larger 
grains  are  also  present,  the  largest  of  which,  coloured  slightly 
yellow,  has  a  diameter  of  *88  mm.  The  others  were  colourless,  or 
else  coloured  of  the  same  yellow  tint.  The  larger  grains  contained 
rows  of  gas  cavities. 

'' Chalcedony.— A  bluish-coloured  mass,  showing  the  familiar 
stalactitic  outgrowths,  is  the  only  evidence  of  this  mineral. 

*'  Rutile  is  present  in  orange  flakes,  of  no  definite  form. 

**  Tourmaline  is  very  abundant  in  the  form  of  aggregated 
crystalline  fibres  of  a  blue-grey  colour,  recalling  the  tourmalines 
in  LuxuUianite.  The  absorption  is  very  strong,  the  other 
characters  being  as  usual. 
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"  Amlalusitc  — One  or  two  apparently  colourless  grains  showed 
the  delicate  rose-pink  to  almost  colourless  pleochroisin  of  this 
mineral,  such  as  may,  for  example,  be  olwei'ved  in  many  of  the 
Andalusites  of  the  Cornish  granites. 

**  Anatase.  —  Deep  blue  irregular  fragments  are  present,  which 
prolmbly  are  referable  to  this  mineral,  but  this  cannot  be  stated 
with  certainty. 

"  Glav€(mite  is  present  in  deep-green  rounded  grains,  evidently 
internal  casts,  but  giving  no  clue  to  the  organisms  from  which 
thev  were  derived. 

"  Muscomte  occurs  in  thin  silvery-white  flakes,  polarizing  in  very 
low  tints,  while  brown  flakes  of  equal  thinness  must  probably  be 
referred  to  biotite. 

"The  residue  from  this  rock  is  of  particular  interest  in  consec|uence 
of  the  ])resence  of  Andalusite  and  Fibrous  Tourmaline,  these  not 
having  been  obtained  from  the  residues  in  the  Isle  of  Wight,  Ejist- 
bourne,  Folkestone,  or  the  Midlands,  and  being  well-known  con- 
stituents of  the  granitic  rocks  in  the  south-western  counties. 

**Beer  Stone  (this  example  was  collected  by  the  writer 
from  the  Beer  Quarries).— The  material  exceeding  '5  mm.  only 
included  a  few  silicified  snow-white  organic  fragments  and  some 
rounded  quartz  grains. 

*'  The  rest  coiLsistsof  silicified  Foraminifera  of  nodefinitelv  recojx- 
nisable  Hha})es,  flakes  of  niuscovite  mica,  numerous  rods  of  glau- 
conite,  an<^ular  grains  of  (juartz,  and  a  few  minute  crystals  ((me  of 
them  })erfectly  terminated  at  both  ends)  of  Tourmaline,  and  also 
one  fragment  of  the  columnar  tvpe  previoualv  mentioned.*' 

W.  F.  Hume. 

Examination  of  Washings. 

Specimens  of  the  chalk  of  this  zone  from  Beer  Head  (Devon), 
Dover,  and  Hitch  in  were  wjished.  That  from  IJeer  Head  was 
hard  and  in  a  semi-crystalline  condition,  and  the  re*<^ults  were 
loss  satisfactory  than  in  the  case  of  the  other  two,  but  sufficient 
evidence  was  ol)tained  to  show  that  it  differed  but  little  from  the 
others. 

Shell-Fragments. — These  were  all  of  Inoceramus-}^\e\\.  Manv 
were  large  pieces  showing  the  prismatic  structure  ;  the  remainder 
were  chiefly  prisms.  There  were  also  a  few  ossicles  of  Star- 
fish, and  in  the  Dover  specimen  one  or  two  Echinoderm  plates 
and  a  few  fragments  of  rather  large  spines  occurred.  No  fish 
teeth,  scales,  or  coprolites  were  observed,  and  no  spongo- 
spicules. 
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The  following  is  a  list  of  the  Foraminifera  isolated  during  the 
examination  of  the  washings  and  the  acid  residues,  and  named  by 
Mr.  F.  Chapman :— 


• 
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O 
> 

P 

0  u, 

tbourne, 
ussex. 

Dover,  Kent. 

o 

o 

r 

f3 

Haplophragrahim  sp.  nov.- 
Aminodiscus  incertus,  d'Orb,  sp. 
Trochamniiiia    sp.       -        -        -        - 
Textularia   trochus,   d'Orb, 

„        turris,  d'Orb,     -        -        - 
Tritaxia  tricarinata,   Beuss 
Gaudryina  filifonnis,  Berth. 

„    (?)  species     -        -        -        - 

Bulimina  affinls,  d'Orb,      -        -        - 

„       brevis,   d'Orb.       -       -       . 

„  (?)  species 

Cristellaria  cultrata,  Montf,  sp. 
Globigerina  marginata,  Reuss.  sp.     - 
Truncatulina  ungeriana,  d'Orb.  sp.   - 
„  lobatula,    V^alker    and 

Jacobs  sp.  - 
i,  akneriana,  d'Orb,  sp    - 

Anomalina  ammonoides,  Reuss.  sp.   - 
Rotalia  Soldani,  d'Orb,  sp. 


-  X 


-    I 
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X 
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X 
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X 
X 


X 
X 


X 
X 

X 
X 
X 

X 
X 
X 


This  list  is  too  short  to  make  a  satisfactory  comparison.  All  our 
specimens  of  this  zone,  other  than  those  experimented  on,  are 
hard  and  rocky.  The  Hitchin  specimen  was  the  softest,  and, 
though  a  larger  amount  of  this  material  was  broken  up  and 
washed,  the  result  was  poor. 

Ostracoda.  —These  organisms  are  not  common  in  this 
zone ;  the  only  ones  isolated,  Cytherdla  Munsteri  (ROm.)  and 
C,  ovata,  occurred  in  the  Hitchin  specimen. 
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C.  The  Terebratulina  Zone. 
Microscopic  Aspect 

■ 

The  chalk  of  the  last  mentioned  zone  passes  imperceptibly  into 
that  of  the  Terebratvlina  zone.    The  proportion  of  amorphous 
calcareous  matter  becomes  gradually  larger  than  in  the    zone 
below,  and  Spheres  and  shell-fragments  are  less  conspicuous  in 
size    and  number.     The  Spheres,  moreover,   become  gradually 
less  defined  in  outline,  their  exterior  shell  wall  is  thinner  oi'  m  not 
seen  at  all,  their  centimes  are  tilled  with  fine  amorphous   matter 
similar  to  tlie  surrounding  matrix  iii  which  they  are  embedded, 
and  the  cells  instead  of  standing  out  in  strong  relief  and  in  the 
well-marked  circles  which  are  so  chai'acteristic  of  the  zone  below, 
are  often  mere  shadowy  representations  of  them.  (See  Plate  VIII. 
Fig.   1).    Not  only  are  the  Spheres  thus  altered,  but  the  cells 
of  the  Globiyerina  are  similarly  affected,  their  walls  being  thinner 
and  their  general  outline  less  prominent. 

The  character  of  the  chalk  of  this  zone  seems  fairly  constant 
throughout  all  the  are^  east  and  noilh-east  of  Dorsetshii-e.  The 
features  of  many  specimens  from  the  L-le  of  Wight,  Dover,  and 
parts  of  Kent,  the  Midland  counties,  Norfolk,  Lincolnshire  and 
Yorkshire  are  much  alike.  From  the  base  Spheres  and  shell- 
fragments  become  scarcer  until  about  the  top  of  the  lower  third  of 
the  zone  is  reached,  the  proportion  of  amorphous  material  increas- 
ing. In  the  middle  third  of  the  zone  the  greater  part  of  the  rock 
consists  of  tine  amorphous  cak^areous  paste,  witli  comparatively 
few  Spheres,  shell-fragments  or  Foraminifera  scattered  through 
the  mass.  But  as  tlie  summit  of  the  zone  is  approached  all  these 
ingredients  become  gradually  nioi^  abundant,  though  Spheres 
soein  never  so  large  or  robust  or  numerous  as  in  the  zone  of 
1th ync.  Cuvieri. 

The  upper  third  of  the  zone  is  characterised  in  some  localities 
by  the  occurrence  of  nimibera  of  minute  Globigerina  and  Tcxtu- 
laria.  This  is  particularly  the  case  in  a  wide  area  of  country 
S.W.  and  N.E.  of  Uitcliin,  also  near  Dover,  and  in  the  valley  of 
the  Medway,  and  again  at  Hessle,  in  Yorkshii-e.  In  a  si)ecimen 
from  this  last  locality,  probably  about  forty  or  tifty  feet  from  the 
upper  limit  of  the  zone,  Foraminifera  though  hardly  so  numerous 
are  larger,  and  the  number  of  Globvjerina  greater  than  in  more 
southern  samples. 

Shell-fragments  also  increase  in  num])ers  in  the  higher  parts  of 
this  zone,  and  some  examples  contain  a  considerable  quantity  of 
rather  small  angular  calcitic  particles. 

In  North  Doi-set  this  zone  presenti^  some  exceptional  features, 
and  IxkIs  of  hard  chalk  occur,  which  seem  to  indicate  that  condi- 
tions akin  to  those  of  the  Chalk  Rock  had  ali-e^idy  set  in  in  some 
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parts  of  this  county.  A  series  of  specimens  from  Cruxton,  neiir 
Maiden  Newton,  were  examined ;  those  from  the  zone  of  Rhyn- 
chonella  Guvieri  and  from  the  lower  part  of  the  Terebratulina  zone 
exhibit  the  usual  features,  but  higher  beds  disclose  an  evident 
change  of  conditions,  hard  nodules  occurring  in  the  usually  soft 
chalk  of  the  zone.  Thin  sections  of  the  nodules  show  that 
the  chalk  composing  them  is  exceptionally  full  of  small  Foraminifera 
and  small  fragments  of  calcareous  organisms,  amongst  which 
portions  of  the  plates  of  Echinoderms  can  Ixi  recognised.  Several 
sponge-spicules  which  appear  to  belong  to  the  Monactinellid  and 
one  to  the  Tetractinellid  group  can  be  seen,  and  small  grains  of 
yellowish  green  glauconite  also  occur. 

Still  higher,  but  below  the  Chalk  Rock,  a  well  defined  "rock  l)ed" 
occurs.  Here  again  the  amorphous  calcareous  matrix  is  full  of 
small  foraminiferal  cells,  small  Glofyigerina  and  Textvlaria, 
amongst  which  occur  several  larger  specimens.  There  are  also 
many  calcareoiis  fragments  too  small  and  too  much  broken  up 
for  identification  except  pieces  of  the  plates  of  Echinoderms,  but 
which  from  their  diversity  of  appearance  suggest  other  organisms 
than  shells.  Sponge-spicules  also  occur,  and  one  or  two  grains  of 
pale  green  glauconite.  Between  the  hard  beds  the  chalk  is  full  of 
foraminiferal  cells  and  finely  comminuted  calcareous  particles, 
while  glauconite  occurs  in  all  specimens  from  the  liighest  parts 
of  the  zone. 

In  Devonshire  also  the  chalk  of  the  Ter^ratvliiia  zone 
shows  some  variation  in  its  structiu^  compared  with  that  of  the 
eastern  counties.  The  following  is  a  description  of  a  series  from 
Beer  Head. 

A  yellowish-white  bed  at  the  base  of  the  zone,  Beer  Harbour,— 
Foraminiferal  cells  and  Spheres  ai'e  abundant,  but  there  are  very 
few  Globigerina  or  other  Foraminifera ;  all  are  well  outlined.  Sponge 
spicules,  chiefly  of  MonactinelUd  t^'pes,  are  common,  but  two 
or  three  Tetractinellid  forms  occur,  and  in  one  place  the  nodes 
of  some  Hexactinellid  mesh  appear  to  be  cut  through.  The 
spicular  walls  are  in  every  case  replaced  by  calcite.  The  larger 
calcareous  fragments  are  for  the  most  part  /7?/>ceramu^-prisms,  but 
a  few  pieces  show  the  perforated  structure.  There  are  at  least  a 
dozen  circular  forms  like  those  of  Radiolaria  figured  as  Nos.  1  and 
2  in  the  Quart.  Joum.  Geol.  Soc,  Vol.  51,  page  608. 

Recognisable  organic  remains  may  be  estimated  in  this  si)ecimen 
at  about  seventy-five  per  cent.,  with  one  or  two  mineral  grains,  but 
no  glauconite;  the  remainder  is  the  usual  fine  amorphous  calcareous 
mud. 

The  same  locality  ten  feet  At^/ier.— Foraminiferal  cells  and 
Spheres  hardly  so  abimdant;  a  few  Globigerina  and  Textvlaria 
occur.     There  are  but  few  calcareous  fragments ;  and  these  are 
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parts  of  this  county.  A  series  of  specimens  from  Ciuxton,  near 
Maiden  Newton,  were  examined ;  those  from  the  zone  of  Rhyii- 
chonella  Ouiyieri  and  from  the  lower  part  of  the  Terebratuli-na  zone 
exhibit  tJie  usual  features,  but  higher  beds  disclose  an  evident 
change  of  conditions,  hard  nodules  occurring  in  the  usually  soft 
chalk  of  the  zone.  Thin  sections  of  tlie  nodules  show  that 
the  chalk  composing  tliem  is  exreptionally  full  of  small  Foraminifera 
and  small  fragments  of  calcai-eoua  organisms,  amongst  whicli 
portions  of  the  plates  of  Echinoderms  can  be  recognised.  Several 
Bponge-spicules  which  appear  to  belong  to  the  Monactinellid  and 
one  to  tJie  Tetractinellid  group  can  be  seen,  and  small  grains  of 
yellowish  green  glauconite  also  occur. 

Still  higher,  but  below  the  Chalk  Kock,  a  well  defined  "rock  \»ed" 
occurs.  Here  again  the  amorphous  calcareous  matiix  is  full  of 
small  foraminiferal  cells,  small  Globigerina  and  Texttdaria, 
amongst  which  occur  several  larger  specimens.  There  are  also 
many  calcareous  fragments  too  small  and  too  much  broken  up 
for  identification  except  pieces  of  the  plates  of  Echinoderms,  but 
which  from  their  diversity  of  appearance  euggeet  other  organisms 
than  shells.  Sponge-spicules  also  occur,  and  one  or  two  grains  of 
pale  green  glauconite.  Between  the  hard  beds  the  chalk  is  full  of 
foraminiferal  cells  and  finely  comminuted  calcareous  particles, 
while  glauconite  occurs  in  all  specimens  from  the  lughest  parta 
of  the  zone. 

In  Ifevonahire  also  the  chalk  of  the  Ter^ratvlina  zone 
ahows  some  variation  in  iU  structure  compared  with  that  of  the 
eastern  counties.  The  following  is  a  description  of  a  series  from 
Beer  Head. 

A  ydlovnsk-vkite  bed  at  the  base  of  the  zrme,  Beer  Harbour.— 
Foraminiferal  cells  and  Spheres  are  abundant,  but  there  are  very 
few  Globigerina  or  other  Foraminifera ;  all  are  well  outlined.  Sponge 
spicules,  chiefly  of  MonactinelLd  tj-pea,  are  common,  but  two 
or  three  Tetractinellid  forms  occur,  and  in  one  place  the  nodes 
of  some  Hexactinellid  mesh  appear  to  be  cut  through.  The 
spicular  walls  are  in  every  case  replaced  by  calcite.  The  larger 
calcareous  fragments  are  for  the  most  part  /wrtceromuj-prisms,  hut 
a  few  pieces  show  the  perforated  structure.  There  aie  at  least  a 
dozen  circular  forms  like  those  of  Radiolaria  figured  as  Nos.  1  and 
2  in  the  Quart.  Joum.  Geol.  Soc.,  Vol.  51,  page  608. 

'ogiiisiible  i.ng4inic  remains  may  !)o  estimated  in  this  specimen 
mi  seventy-five  per  c^nt.,  ivith  one  or  two  mineral  grains,  but 
iauconite;  the  remainder  is  the  usual  fine  amorphous  calcareous 

1u    mme   locality    ten  feet   Aii/A^r.— Foraminiferal   cells  and 

iree  hardly  so  abundant;  a  few  Gtubigerina  and  Teaivlana 

There  are  but  few  calcareous  fragments ;  and  these  are 
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large  and  coarse,  many  showing  the  perforated  structure 
of  those  seen  in  the  Beer  Stone.  iTwceramus^  prisms 
are  rare;  there  are  also  other  particles,  evidently  of  she]],  aud 
two  or  three  small  Echinoderm  spines.  No  sponge-spicules  are 
present.    Glauconite  in  small  green  grains  is  rare. 

From  the  Middle  of  the  zone.  Beer  Harbour.— Clne&y  amorphous 
material ;  many  Spheres  and  foraminiferal  cells  occur,  though 
they  are  not  so  abundant  as  in  the  specimens  from  lower  in  the 
zone ;  larger  forms  of  Globigerina  and  Textvlaria  are  T9se ;  all 
have  their  cell  walls  weakly  outhned.  There  are  many  small 
shell-fragments. 

The  amount  of  recognisable  organic  particles  may  be  estimated 
at  about  35-40  per  cent. 

Sesnlts  of  the  Examination  of  Washings. 

Specimens  lx)th  of  the  higher  and  lower  part  of  this  ssone  from 
Dover  and  from  Hitcliin  were  washed  with  water,  and  an 
att<*mpt  was  also  made  to  wash  others  from  Mupe  Bay  (Dorset), 
Tx)uth  (liincolnshire)  and  Hessle  (Yorkshire),  but  the  cliaUc  from 
these  localities  was  too  hard  to  yield  satisfactory  results. 

Shell  Fragments.— Irwceramu»-^Tisa\a  were  common  in  all 
specimens,  but  that  from  the  higher  part  of  the  zone  at  Dover 
contained  many  fragments  easily  recognisable  as  those  of  Tere- 
hratuHna ;  none  were  observed  in  the  Hitchin  sample.  A  few 
plat4»a  and  {)ieces  of  rather  large  spines  of  Echinoderms  occurred 
at  l)oth  places. 

A  featui-e  of  the  wa8hinj]^8  was  the  abundance  of  minute  cal- 
careouH  plates  or  ossicles.  They  were  not  like  the  smooth  marginal 
ossicles  of  Goniastcr  (which  also  occur  commonly),  but  have  a 
complicated  form  rather  difficult  to  describe,  scArc^ly  any  two  being 
e.xaotly  alike.  Dr.  Gregory,  who  kindly  examined  some  of  these 
()ssic](\s  at  our  request,  says  **  they  are  the  ambulacral  ossicles  of  an 
Ophiuritf,  but  to  determine  the  genus  is  difficult.*'  These  peculiar 
plates  or  ossicles  fii-st  appear  in  the  top  of  the  Ix)wer  Chalk,  are 
fairly  abundant  in  the  Delemnite  marls  at  Dover,  but  seem  to  bo 
most  numerous  in  the  zones  of  the  Middle  Chalk. 

Sponge-spicules  are  of  rare  occurrence,  and  have  only  been  noted 
in  the  thin  section  of  hard  beds  near  the  top  of  the  zone. 

Foraminiferu.— The  list  of  Foraminifera  isolated  from  washings 
aud  residues  is  not  large.  Judging  from  the  amount  of  material 
from  Hitchin  and  Dover  which  was  washed,  these  forms  are  not 
so  abundant  as  in  the  Ix)wer  Chalk.  The  chalk  at  these  locahties 
is  soft,  and  there  should  be  no  difficulty  in  obtaining  specimens 
had  they  occurred.  The  list  of  the  species  identified  by  Mr. 
F.  Chapman  is  as  follows  :  — 


^  ^ 
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Rhizammina  indivisa,  Brady 
AmmodlBCUs  incertus,  d'Orb,  sp.  - 
„  tenuis,  Brady 

,,  gordialis,  J.  &  P.  sp. 

Tritaxia  tricarinata,  Retiss  - 
Gaudryina  filiformis,  Berth, 

„        rugosa,  d'Orb.     -        -        - 
Textularia  turris,  d'Orb, 

,,        agglutinans,  d'Orb.     - 
Bulimina  brevis,  d'Orb. 
Presli,  Beuss- 
elongata,  d'Orb.- 
Orbignyi,  Retiss   - 
affinis,  d'Orb. 
murchisoniana,  d'Orb.  - 
Bolivina  textilarioides,  Reuss 

Margintdina  sp. 

Vaginulina  recta,  ReuM 
Cristellaria  cultrata,  Montf,  sp.  - 
gatdtina,  Berth. 
Bronni,  Roemer  sp.  - 
convergens,  Bam.     - 
Globigerina  cretacea,  d'Orb. 

„         marginata,  Reuss  sp.  - 
„         sequdateralis,  Brady  - 
Anomalina  ammonoides,  Reuss  sp.     - 
Pulvinulina  sp.    -        -       -        - 
Hotalia  Soldan,  d'Orb.  var.  nltida,  Reuss 


»> 


» 


>» 


» 


»» 


» 


» 


» 


The  GlohigeriiKB  are  particularly  fine  specimenB,  larger  than  at 
any  other  horizon  in  the  chalk.  Both  G.  cretacea  and  G.  marginata 
are,  perhaps,  the  commonest  forms  which  occur. 

With  the  exception  of  Btdimina  clangatu,  and  Globigerina 
ie(/uilateralis  all  thase  species  have  been  recorded  from  the  Ijower 
Chalk. 

Examination  of  Besidnes. 

Nine  specimens  of  this  zone  were  treated  with  the  acid  solution, 
including  five  by  Dr.  Hume. 

The  largest  percentage  of  residue  occurs  in  a  specimen  from 
the  higher  part  of  the  zone  at  Dover,  3'68  per  cent.,  while  one 
from  Beer  Cliff,  Devonshire,  closely  approaches  this  with  3*136 
per  cent.,  the  specimens  from  Culver  CUff  (Isle  of  Wight)  and  Luton, 
Bedfordshire,  come  next  with  2*24  per  cent,  and  2*56  per  cent, 
respectively.    The  purest  chalk  again  occurs  in  the  east  and  north- 
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east,  that  from  north-west  Norfolk  giving  a  residue  of  only  '776 
per  c^nt.,  and  that  from  Ilessle,  Yorkshire,  still  less,  "752  i>er 
cent. 

Though  tlie  largest  percentage  of  coai^se  residue  occui*8  in  the 
examples  from  Beer  ClitV,  Culver  Cliff,  and  Hessle,  this  appeara 
to  be  due  to  the  presence  of  secondary  rather  than  to  detrital 
minerals.  Thus,  in  lx)th  the  Culver  and  Hessle  samples  a  large 
piu}X)rtion  consists  of  iron  oxide,  while  Dr.  Hume  notes  that  the 
coarse  residue  in  the  Beer  Head  sample  consists  largely  of  chalce- 
donic  aggregates  and  limonite.  The  two  specimens  which  appear 
to  contain  most  detrital  minerals  are  those  from  Mupe  Bay  and 
Afton  Down.  Although  in  the  first  of  these  the  coarss  residue 
is  only  '010  per  cent.,  it  consisted  chiefly  of  mineral  grains. 

The  green-coated  nodule  bed  at  Afton  Down,  from  which  Dr. 
Hume  obtained  his  specimen,  recording  it  as  Chalk  Bock,  is  below 
that  horizon,  and  is  included  bv  us  the  zone  of  Terebratvlvna 
(see  p.  410).  This,  like  the  Mupe  Bay  specimen  with  which  it 
may  be  compared,  appears  to  be  rich  in  detrital  minerals.* 

Detrital  Minerals,  —  Quartz  is  again  the  most  abundant  mineral 
in  the  residues.  Dr.  Hume  recognises  Mica  (muscovite  and  bio- 
tite)  in  the  specimen  from  Beer  Cliff,  Devon ;  and  Augite,  Horn- 
blende, and  Tourmaline  in  that  from  Afton  Down.  Amongst 
the  detrital  mineral  grains  in  the  specimen  from  Bingstead,  Nor- 
folk, Mr.  Teall  can  identify  Orthoclase.  The  largest  grains  occur 
in  examples  of  the  zone  from  the  West  of  England ;  in  that  from 
Beer  Cliff  Dr.  Hume  records  "40  mm.  as  the  maximum  size,  and 
grains  up  to  '31  mm.  in  their  longest  diameter  occurred  at  Mupe 
Bay.  The  average  size,  however,  scarcely  exceeds  '10  nun.  in  any 
locality. 

The  quantity  of  mineral  particles  which  occur  in  each  residue 
is  exceedingly  small. 

Secondary  Minerals, — Many  grains  of  glauconite  occm-  in 
the  chalk  of  this  zone  from  Devonshire,  but  elsewhere  it  is 
of  rare  occurrence  in  the  residues. 

The  coarser  ix)rtion  of  the  residues  consists  chiefly  of  frag- 
ments of  red  ferruginous  iron  oxide,  usually  porous  and  easily 
crushed.  In  the  residue  from  Ilessle  parts  of  four  sejmrate 
individuals  of  Terebratulina  occurred  as  ciists  in  this  material, 
one  of  them  being  nearly  perfect. 

Fragments  of  siliceous  network,  or  fragments  of  Inoceramus 
shell  silicitied  interprismatically,  with  a  few  flat  flakes  of  silicified 
shell  were  noted  in  nearly  all  residues. 


•  Chemical  and  Micro-Mineralo«,^ic^l  Researches,  p.  53,  et  seg. 
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We  append  the  notes  writen  by  Dr.  Hume  on  the   residue  of 
the  sample  from  Beer  which  was  analysed  by  him. 

'*  Terebratulina  Zone  (half-way  up  Beer  Clift).— This  zone 

yielded  a  considerable  residue  ;  the  part  coarse  enough  to  be 
examined  weighed  077  grammes  and  consisted  largely  of  chal- 
cedonic  aggregates,  limonite,  a  large  number  of  minute  glob- 
ular casts  of  Foraniinifera,  sometimes  still  united,  and  showing 
to  have  been  formed  in  the  tests  of  the  delicate  species 
TextuLaria  globvlosa,  Glauconitic  rods  are  abundant,  while 
flakes  of  muscovite  and  biotite  form  an  important  element. 
Quartz  is  represented  by  three  or  four  larger  fragments  4  mm. 
in  diameter,  a  fine  quartzose  residue  being  practically  absent.  '038 
grammes  of  the  residue  consists  of  the  chalcedonic  meshes  pre- 
viously referred  to. 

'*  The  finer  material  consists  of — (1 )  Yellow  ochre  and  red  aggrega- 
tions of  limonite,  which  break  up  easily  when  submitted  to  light 
pressure.  One  piece  is  covered  with  minute  botryoidal  projections. 
(2;  Foraminiferal  tests  which  have  undergone  extreme  chalce- 
donification.  The  most  striking  objects  in  this  respect  were  forms 
which  have  been  probably  derived  from  some  form  of  Nodosaria. 
The  chambers  have  become  somewhat  distorted,  but  their  indi- 
viduality is  still  marked,  and  the  final  chamber  of  the  series  termi- 
nates in  a  pointed  extremity,  such  as  is  common  in  many  species 
of  Nodosaria,  On  being  touched  with  a  brush  these  immediately 
broke  to  pieces.  (3)  Light  yellow  glauconitic  casts  of  Foramini- 
fera  are  abundant,  the  largest  of  these,  expanded  into  a  large  tri- 
angular chamber  after  the  manner  of  Gristellaria,  is  166  mm.  in 
length,  but  the  majority  of  the  rounded  single  chambers  are  about 
08  mm.  diameter.  In  addition  to  these  occur  spheres  joined 
together  by  stoloniferous  connections,  these  presenting  several 
varieties.  In  one  case  three  are  connected  together,  one  being  in 
a  different  plane  from  the  other  two ;  again,  there  are  irregular 
aggregations  of  five  or  more  chaml)ers,  as  in  some  Globigerinve , 
and,  lastly,  there  is  the  regular  arrangement  of  alternating  foli- 
aceous  chambers  on  two  sides  of  a  central  axis,  as  in  TextuLaria. 
Some  of  these  glauconite  grains  are  still  inclosed  in  the  silicified 
tests.  (4)  In  addition,  there  are  glauconite  rods,  some  4  mm.  in 
length,  none  showing  any  terminal  projection  or  ornamentation, 
but  which,  nevertheless,  from  analogy  are  probably  the  internal 
casts  of  sponge-spicules.  (5)  Muscovite  and  biotite  mica  flakes 
of  Qmall  size  are  present,  but  no  heavier  minerals  have  been 
observed. 

"  This  zone,  therefore,  shows  a  considerable  diminution  in  the 
detrital  materials  present,  and  also  begins  to  show  evidence  of  the 
presence  of  sponge  spicules  which  play  such  an  important  part  in 
the  zone  of  Ilolaster  planus,  A  noticealJe  feature  is  the  exceed- 
ingly small  amount  of  quartz  in  the  residue." 

W.  F.  Hume. 
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Composition  of  the  Fine  BBsmu^ 

As  in  the  case  of  the  Lower  Chalk  the  finest  material  of  the 
chalk  composing  the  zones  above  described  may  be  classed  under 
the  following  different  heads  :— 

1.  Definite  calcitic  crystals  which  have  probably  been  formed 
since  the  deposition  of  the  rock.  2.  Minute  particles  probably 
derived  from  shell.  3.  Thin  flakes  often  perforated  and  doubtless 
derived  from  the  tests  of  Foraminifera.  4.  Crystalloids  and 
kindred  forms.  5.  Very  minute  particles  too  small  as  a  whole 
to  give  any  clue  to  their  derivation,  though  some  may  be  recognised 
as  broken  crystalloids. 

The  difference  between  the  finest  material  of  the  RhyiuJumella 
Cuvieri  zone  and  that  of  the  Terebratvlina  chalk  mav  almost  be 
anticipated.  In  the  shelly  lower  zone  the  matrix  of  the  rock 
contains  a  larger  proportion  of  calcitic  particles  and  crystals, 
the  former  probably  derived  from  the  numberless  In4)cera- 
mAis  prisms  with  which  the  rock  abounds ;  in  fact,  it  is  possible 
to  find  particles  which  come  away  in  the  finest  washings  of  whose 
identity  as  minute  pieces  of  a  prism  there  can  be  little  doubt.  Not 
only  are  large  particles  present  in  greater  numbers,  but  the  mass 
of  the  rock  seems  to  consist  largely  of  calcitic  crystals,  minute,  it 
is  true,  but  large  enough  to  possess  a  definite  outline,  and  giving 
a  very  finely-granular  effect  when  mounted  in  balsam  and  viewed 
under  the  microscope  with  an  objective  of  one-tenth  inch  focus. 

We  were,  moreover,  struck  by  the  fact  that  much  of  the  matter 
held  in  suspension  in  the  water  after  washing  a  specimen  of  the 
zone  of  Rhynh.  Cuvieri  subsided  more  rapidly  than  that  of 
the  overljHlng  zone. 

Crystalloids  are  abundant  in  both  zones;  in  the  zone  of 
Rhynchonella  Cuvieri  circular  forms  seem  to  predominate,  but 
those  of  elliptical  shaj^e  are  also  very  common.  None  were 
like  the  true  coccolith,  the  shirt-atiul  form  was  not  seen. 

The  constitution  of  the  matrix  of  the  Terebrafulina  chalk  is 
very  similar  to  that  of  the  underlying  zone,  except  that  particles 
which  may  be  referred  to  shell  and  the  larger  calcitic  crystals  are 
less  numerous,  the  minute  calcitic  particles  forming  the  greater 
part  of  the  material. 

The  amorphous  inorganic  matter,  the  presence  of  which  is 
quite  appreciable  in  the  lower  beds  of  the  Chalk,  cannot  be  recog- 
nised at  this  horizon. 

The  fine  clay  of  the  residues  presents  no  feature  of  interest. 
Mounted  in  Canada  balsam  it  appeal's  structureless  matter,  con- 
taining here  and  there  a  minute  particle  of  some  mineral. 
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C.  Thb  Tebebratulina  Zone. 
Microscopic  Aspect 

The  chalk  of  the  last  mentioned  zone  passes  imperceptibly  into 
that  of  the  Terebratvlina  zone.  The  proportion  of  amorphous 
calcareous  matter  becomes  gradually  larger  than  in  the  zone 
below,  and  Splieres  and  shell-fragments  are  less  conspicuous  in 
size  and  number.  The  Spheres,  moreover,  become  gradually 
less  defined  in  outline,  their  exterior  shell  wall  is  thinner  or  is  not 
seen  at  all,  their  centimes  are  tilled  with  fine  amorphous  matter 
similar  to  the  surrounding  matrix  in  which  they  are  embedded, 
and  the  cells  instead  of  standing  out  in  strong  relief  and  in  the 
well-marked  circles  which  are  so  characteristic  of  the  zone  below, 
are  often  mere  shadowy  representations  of  them.  (See  Plate  VIII. 
Fig.  1).  Not  only  are  the  Spheres  thus  altered,  but  the  cells 
of  the  Gldbiijerina  are  similarly  affected,  their  walls  being  thinner 
and  their  general  outline  less  prominent. 

The  character  of  the  chalk  of  this  zone  seems  fairly  constant 
throughout  all  the  area  east  and  noilh-east  of  Dorsetshii-e.  The 
features  of  many  specimens  from  the  tie  of  Wight,  Dover,  and 
pai-ts  of  Kent,  the  Midland  counties,  Norfolk,  Lincolnshire  and 
Yorkshire  are  much  alike.  From  the  base  Spheres  and  shell- 
fragments  become  scarcer  until  about  the  top  of  the  lower  third  of 
the  zone  is  reached,  the  proportion  of  amoi'phous  material  increas- 
ing. In  the  middle  third  of  the  zone  the  greater  part  of  the  rock 
consists  of  fine  amorphous  calcareous  paste,  with  comparatively 
few  Spheres,  shell-fragments  or  Foraniiiiifera  scattered  through 
the  mass.  But  as  the  summit  of  the  zone  is  approached  all  the^e 
ingi-edients  become  gradually  more  abundant,  though  Sphei-ea 
soeni  never  so  lai-ge  or  robust  or  numerous  as  in  the  zone  of 
lihync.  Cuvieri, 

The  upper  third  of  the  zone  is  characterised  in  some  localities 
by  the  occurrence  of  numbera  of  minute  Globigerina  and  Textu- 
laria.  This  is  particularly  the  case  in  a  wide  area  of  cx)untry 
S.W.  and  N.E.  of  Hitchin,  also  near  Dover,  and  in  the  valle}'  of 
the  Modway,  and  again  at  Uessle,  in  Yorkshire.  In  a  sj^ecimen 
from  this  last  locality,  probably  about  forty  or  fifty  feet  from  the 
upper  limit  of  the  zone,  Foraminifera  though  hardly  so  numerous 
are  larger,  and  the  number  of  Globifjerina  greater  than  in  more 
southern  samples. 

Shell-fragments  also  increase  in  numl)ers  in  the  higher  parts  of 
this  zone,  and  some  examples  contain  a  considerable  quantity  of 
rather  small  angular  calcitic  particles. 

In  Noi-th  Dorset  this  zone  presents  some  exceptional  features, 
and  beds  of  hard  chalk  cx^cur,  which  seem  to  indicate  that  condi- 
tions akin  to  those  of  the  Chalk  Rock  had  ali^e^idy  set  in  in  some 
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parts  of  this  county.  A  series  of  specimens  from  Ciuxton,  near 
Maiden  Newton,  were  examined ;  those  from  the  zone  of  Rhyn- 
ckondla  Guvieri  and  from  the  lower  part  of  the  Terebratuliiia  zone 
exhibit  the  usual  features,  but  higher  beds  disclose  an  evident 
change  of  conditions,  hard  nodules  occurring  in  the  usually  soft 
chalk  of  the  zone.  Thin  sections  of  the  nodules  show  that 
the  chalk  composing  them  is  exceptionally  full  of  small  Foraminifera 
and  small  fragments  of  calcareous  organisms,  amongst  which 
portions  of  the  plates  of  Echinoderms  can  be  recognised.  Several 
sponge-spicules  which  appear  to  belong  to  the  Monactinellid  and 
one  to  the  Tetractinellid  group  can  be  seen,  and  small  grains  of 
yellowish  green  glauconite  also  occur. 

Still  higher,  but  below  the  Chalk  Rock,  a  well  defined  "rock  l)ed*' 
occurs.  Here  again  the  amorphous  calcareous  matrix  is  full  of 
small  foraminiferal  cells,  small  Globigerina  and  Textvlaria^ 
amongst  which  occur  several  larger  specimens.  There  are  also 
many  calcareous  fragments  too  small  and  too  much  broken  up 
for  identification  except  pieces  of  the  plates  of  Echinoderms,  but 
which  from  their  diversity  of  appearance  suggest  other  organisms 
than  shells.  Sponge-spicules  also  occm*,  and  one  or  two  grains  of 
pale  green  glauconite.  Between  the  hard  beds  the  chalk  is  full  of 
foraminiferal  cells  and  finely  comminuted  calcareous  particles, 
while  glauconite  occurs  in  all  specimens  from  the  liighest  parts 
of  the  zone. 

In  Devonshire  also  the  chalk  of  the  Terehratuliiia  zone 
shows  some  variation  in  its  structm^  compared  with  that  of  the 
eastern  counties.  The  following  is  a  description  of  a  series  from 
Beer  Head. 

A  yellowish-white  bed  at  the  base  of  the  zone,  Beer  Harbour,— 
Foraminiferal  cells  and  Spheres  are  abundant,  but  there  are  very 
few  Globigerina  or  other  Foraminifera ;  all  are  well  outlined.  Sponge 
spicules,  chiefly  of  Monactinellid  types,  are  common,  but  two 
or  three  Tetractinellid  forms  occur,  and  in  one  place  the  nodes 
of  some  Hexactinellid  mesh  appear  to  be  cut  through.  The 
spicular  walls  are  in  every  case  replaced  by  calcite.  The  larger 
calcareous  fragments  are  for  the  most  part  /7?/)ceramw^-prisins,  but 
a  few  pieces  show  the  perforated  structure.  There  are  at  least  a 
dozen  circular  forms  like  those  of  Radiolaria  figured  as  Nos.  1  and 
2  in  the  Quart.  Joum.  Geol.  Soc,  Vol.  51,  page  608. 

Recognisable  organic  remains  may  l)e  estimated  in  this  specimen 
at  about  seventy-five  per  cent.,  with  one  or  two  mineral  grains,  but 
no  glauconite;  the  remainder  is  the  usual  fine  amorphous  calcareous 
mud. 

Tlie   same   locality    ten  feet   /li^Aer.— Foraminiferal   cells  and 
Spheres  hardly  so  abundant;  a  few  Globigerina  and  Textularia 
occur.     There  are  but  few  calcareous  fragments ;  and  these  are 
4219.  L  L 
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large  and  coarse,  many  showing  the  perforated  structure 
of  those  seen  in  the  Beer  Stone.  Inoceramus-  prisms 
are  rare;  there  are  also  other  particles,  evidently  of  shell,  aud 
two  or  three  small  Echinoderm  spines.  No  sponge-spicules  are 
present.    Glauconite  in  small  green  grains  is  rare. 

From  the  Middle  of  the  zone,  Beer  Harbour,— ChieOy  amorphous 
material ;  many  Spheres  and  foraminiferal  cells  occur,  though 
they  are  not  so  abundant  as  in  the  specimens  from  lower  in  the 
zone ;  larger  forms  of  Globigerina  and  Textvlaria  are  rare ;  all 
have  their  cell  walls  weakly  outlined.  There  are  many  small 
shell-fragments. 

The  amount  of  recognisable  organic  particles  may  be  estimated 
at  about  35-40  per  cent. 

Besnlts  of  the  Examination  of  Washings. 

Specimens  both  of  the  higher  and  lower  part  of  this  zone  from 
Dover  and  from  Hitchin  were  washed  with  water,  and  an 
attempt  was  also  made  to  wash  others  from  Mupe  Bay  (Dorset), 
Louth  (Lincolnshire)  and  Hessle  (Yorkshire),  but  the  chalk  from 
tliese  localities  was  too  hard  to  yield  satisfactory  results. 

S/iell  Fragments.— I rwceramu»-^T\RrDB  were  common  in  all 
speciniena,  but  that  from  the  higher  part  of  the  zone  at  Dover 
contained  many  fragments  easily  recognisable  as  those  of  Tere- 
hratulina ;  none  were  observed  in  the  Hitchin  sample.  A  few 
plates  and  pieces  of  rather  large  spines  of  Echinoderms  occurred 
at  l)oth  places. 

A  feature  of  the  washinj^s  was  tlie  abundance  of  minute  cal- 
careous plat^.s  or  ossicles.  They  were  not  like  the  smooth  marginal 
ossicles  of  (ronmster  (which  also  occur  commonly),  but  have  a 
complicated  form  rather  difficult  to  describe,  scarcdy  any  two  being 
exactly  alike.  Ur.  Gregory,  who  kindly  examined  some  of  these 
ossich\s  at  our  request,  says  **  they  are  the  ambulacral  ossicles  of  an 
Ophiuriff,  but  to  determine  the  genus  is  difficult."  These  peculiar 
plates  or  assicles  fii*st  appear  in  the  top  of  the  liower  Chalk,  are 
fairly  abundant  in  the  Belemnite  marls  at  Dover,  but  seem  to  be 
most  numerous  in  the  zones  of  the  Middle  Chalk. 

Sponpje-spicules  are  of  rare  occurrence,  and  have  only  been  noted 
in  the  thin  section  of  hard  beds  near  the  top  of  the  zone. 

Fora mini/era, -The  list  of  Foraminifera  isolated  from  washings 
and  residues  is  not  large.  Judging  from  the  amount  of  material 
fiom  Hitchin  and  Dover  which  was  washed,  these  forms  are  not 
80  abundant  as  in  the  Ixjwer  Chalk.  The  chalk  at  these  localities 
is  soft,  and  there  should  be  no  difficulty  in  obtaining  specimens 
liad  they  occurred.  The  list  of  the  species  identified  by  Mr. 
F.  Chapman  is  as  follows  :  — 
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Rhizammina  indivisa,  Brady 
AmmodlBCUs  incertus,  d'Orb.  sp.  - 
„  tenuis,  Brady 

,,  gordialis,  J.  &  P,  sp. 

Tritaxia  tricarinata,  Reuss  -        -        -        . 
Gaudryina  filiformis,  Berth, 

„        rugosa,  d'Orb,     -        -        -        - 
Textularia  turns,  d'Orh.      -        -        -        - 

„        agglutinans,  d'Or^.     - 
Buliinina  brevis,  d'Orh.        -        .        .        . 

Presli,  Reuss 

elongata,  d'Orh,- 

Orbignyi,  Revss   -        -        -       - 
affinis,  d'Orh,        -        .        .        . 
murchisoniana,  d'Orh.  - 
Bolivina  textilarioides,  Reuss 

Marginulina  sp. 

Vaginulina  recta,  Reuss       -       .        .        - 
Cristellaria  cultrata,  Montf,  sp.  - 
gaultina,  Berth, 
Bronni,  Roemer  sp.  - 
convergens.  Bom.    - 
Globigerina  cretacea,  d'Orb, 

„         marginata,  Reuss  sp.  - 
„         aeqiulateralis,  Brady  -       .       . 
Anomalina  ammonoides,  Reuss  sp.     - 
Pulvinulina  sp.    -       -        -        - 
Hotalia  Soldan,  d'Orb.  var.  nltida,  Reuss    - 
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The  Glohigerinw  are  particularly  fine  specimenB,  larger  than  at 
any  other  horizon  in  the  chalk.  Both  G.  cretacea  and  G.  marginata 
are,  perhaps,  the  commonest  forms  which  occm*. 

With  the  exception  of  Bulimina  clongata,  and  Globigeriiia 
lequUateralis  all  these  species  have  been  recorded  from  the  Ijower 
Chalk. 

Examination  of  Besidnes. 

Nine  specimens  of  this  zone  were  treated  with  the  acid  solution, 
including  five  by  Dr.  Hume. 

The  largest  percentage  of  residue  occurs  in  a  specimen  from 
the  higher  part  of  the  zone  at  Dover,  3*68  per  cent.,  while  one 
from  Beer  Cliff,  Devonshire,  closely  approaches  this  with  3*136 
per  cent.,  the  specimens  from  Culver  Cliff  (Isle  of  Wight)  and  Luton, 
Bedfordshire,  come  next  with  2*24  per  cent,  and  2*56  per  cent, 
respectively.    The  purest  chalk  again  occurs  in  the  east  and  north- 
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east,  that  from  north-west  Norfolk  giving  a  residue  of  only  '776 
per  cent.,  and  that  from  Hessle,  Yorkshire,  still  less,  "752  per 
cent. 

Though  the  largest  percentage  of  coarse  residue  oc^ui*s  in  the 
examples  from  Beer  Cliff,  Culver  Cliff,  and  Hessle,  this  appeai-s 
to  be  due  to  the  presence  of  secondary  rather  than  to  detrital 
minerals.  Thus,  in  lx)th  the  Culver  and  Hessle  samples  a  large 
piuportion  consists  of  iron  oxide,  while  Dr.  Hume  notes  that  the 
coarse  residue  in  the  Beer  Head  sample  consists  largely  of  chalce- 
donic  aggregates  and  limonite.  The  two  specimens  which  appear 
to  contain  most  detrital  minerals  are  those  from  Mupe  Bay  and 
Afton  Down.  Although  in  the  first  of  these  the  coarse  residue 
is  only  '010  per  cent.,  it  consisted  chiefly  of  mineral  grains. 

The  green-coated  nodule  bed  at  Afton  Down,  from  which  Dr. 
Hume  obtained  his  specimen,  recording  it  as  Chalk  Bock,  is  below 
that  horizon,  and  is  included  bv  us  the  zone  of  Terebratvliaia 
(see  p.  410).  This,  like  the  Mupe  Bay  specimen  with  which  it 
may  be  compared,  appears  to  be  rich  in  detrital  minerals.* 

Detrital  Minerals.  —  Quartz  is  again  the  most  abimdant  mineral 
in  the  residues.  Dr.  Hume  recognises  Mica  (muscovite  and  bio- 
tite)  in  the  specimen  from  Beer  Clift\  Devon ;  and  Augite,  Horn- 
blende, and  Tourmaline  in  that  from  Afton  Down.  Amongst 
the  detrital  mineral  grains  in  the  specimen  from  Ringstead,  Nor- 
folk, Mr.  Teall  can  identify  Orthoclase.  The  largest  grains  occur 
in  examples  of  the  zone  from  the  West  of  England ;  in  that  from 
Beer  Cliff'  Dr.  Hume  records  40  mm.  (us  the  maximum  size,  and 
grains  up  to  iU  mm.  in  their  longest  diameter  occurred  at  Mupe 
Bay.  The  average  size,  however,  scarcely  exceeds  *10  mm.  in  any 
locfility. 

The  quantity  of  mineral  particles  which  occur  in  each  residue 
is  exceedingly  small. 

Secondary  Minerals. — Many  grains  of  glauconite  occur  in 
the  chalk  of  this  zone  from  Devonshire,  but  elsewhere  it  is 
of  rare  occurrence  in  the  residues. 

The  coarser  ix)rtion  of  th(»  residues  consists  chiefly  of  frag- 
ments of  red  ferruginous  iron  oxide,  usually  ix)rous  and  easily- 
crushed.  In  the  residue  from  Hessle  part-s  of  four  sejmrate 
individuals  of  Terebratulina  oocunrd  as  ciisti^  in  this  material, 
one  of  them  being  nearly  perfect. 

Fragments  of  siliceous  network,  or  fragments  of  Inoceramus 
shell  siliciiied  interprismatically,  with  a  few  flat  flakes  of  silicified 
shell  were  noted  in  nearly  all  residues. 


•   Chemical  and  Micro-MineralogicHl  Researches,  p.  53,  et  seq. 
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We  append  the  notes  writen  by  Dr.  Hume  on  the   residue  of 
the  sample  from  Beer  which  was  analysed  by  him. 

"  Terebratulina  Zone  (half-way  up  Beer  Clift).— This  zone 
yielded  a  considerable  residue  ;  the  part  coarae  enough  to  be 
examined  weighed  077  grammes  and  consisted  largely  of  chal- 
cedonic  aggregates,  limonite,  a  large  number  of  minute  glob- 
ular casts  of  Foraminifera,  sometimes  still  united,  and  showing 
to  have  been  formed  in  the  tests  of  the  delicate  species 
Textvlaria  globulosa.  Glauconitic  rods  are  abundant,  while 
flakes  of  muscovite  and  biotite  form  an  important  element. 
Quartz  is  represented  by  three  or  four  larger  fragments  '4  mm. 
in  diameter,  a  fine  quartzose  residue  l:)eing  practically  absent.  '038 
grammes  of  the  residue  consists  of  the  chalcedonic  meshes  pre- 
.  viously  referred  to. 

'*  The  finer  material  consists  of — (1 )  Yellow  ochre  and  red  aggrega- 
tions of  limonite,  which  break  up  easily  when  submitted  to  light 
pressure.  One  piece  is  covered  with  minute  botryoidal  projections. 
(2)  Foraminiferal  tests  w^hich  have  undergone  extreme  chalce- 
donification.  The  most  striking  objects  in  this  respect  were  forms 
which  have  been  probably  derived  from  some  form  of  Nodosaria. 
The  chambers  have  become  somewhat  distorted,  but  their  indi- 
viduality is  still  marked,  and  the  final  chamber  of  the  series  termi- 
nates in  a  pointed  extremity,  such  as  is  common  in  many  species 
of  Nodosaria,  On  being  touched  with  a  brush  these  immediately 
broke  to  pieces.  (3)  Light  yellow  glauconitic  casts  of  Foramini- 
fera are  abundant,  the  largest  of  these,  expanded  into  a  large  tri- 
angular chamber  after  the  manner  of  Gristellaria,  is  '166  mm.  in 
length,  but  the  majority  of  the  rounded  single  chambers  are  about 
08  mm.  diameter.  In  addition  to  these  occur  spheres  joined 
together  by  stoloniferous  connections,  these  presenting  several 
varieties.  In  one  case  three  are  connected  together,  one  being  in 
a  different  plane  from  the  other  two  ;  again,  there  are  irregular 
aggregations  of  five  or  more  chaml^ers,  as  in  some  Globigeriiur, 
and,  lastly,  there  is  the  regular  arrangement  of  alternating  foli- 
acjBous  chambers  on  two  sides  of  a  central  axis,  as  in  Textvlaria, 
Some  of  these  glauconite  grains  are  still  inclosed  in  the  silicified 
tests.  (4)  In  addition,  there  are  glauconite  rods,  some  4  mm.  in 
length,  none  showing  any  terminal  projection  or  ornamentation, 
but  which,  nevertheless,  from  analogy  are  probably  the  internal 
casts  of  sponge-spicules.  (5)  Muscovite  and  biotite  mica  flakes 
of  Qinall  size  are  present,  but  no  heavier  minerals  have  been 
observed. 

"  This  zone,  therefore,  shows  a  considerable  diminution  in  the 
detrital  materials  present,  and  also  begins  to  show  evidence  of  the 
presence  of  sponge  spicules  which  play  such  an  important  part  in 
the  zone  of  Ilolasfer  planus.  A  noticeable  feature  is  the  exceed- 
ingly small  amount  of  quartz  in  the  residue." 

W.  F.  Hume. 
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Composition  of  the  Fine  Residue. 

As  in  the  case  of  the  Lower  Chalk  the  fmest  material  of  the 
chalk  composing  the  zones  above  described  may  be  classed  under 
the  following  different  heads  :— 

1.  Definite  calcitic  crystals  which  have  probably  been  formed 
since  the  deposition  of  the  rock.  2.  Minute  particles  probably 
derived  from  shell.  3.  Thin  flakes  often  perforated  and  doubtless 
derived  from  the  tests  of  Foraminifera.  4.  Crystalloids  and 
kindred  forms.  5.  Very  minute  particles  too  small  as  a  whole 
to  give  any  clue  to  their  derivation,  though  some  may  be  recognised 
as  broken  crystalloids. 

The  difference  between  the  finest  material  of  the  RhyrvchaneLla 
Cuvieri  zone  and  that  of  the  Terebratvlina  chalk  mav  almost  be 
anticipated.  In  the  shelly  lower  zone  the  matrix  of  the  rock 
contains  a  larger  proportion  of  calcitic  particles  and  crystals, 
the  former  probably  derived  from  the  numberless  Inocera- 
rwas  prisms  with  which  the  rock  abounds ;  in  fact,  it  is  possible 
to  find  particles  which  come  away  in  the  finest  washings  of  whose 
identity  as  minute  pieces  of  a  prism  there  can  be  little  doubt.  Not 
only  are  large  particles  present  in  greater  numbers,  but  the  mass 
of  the  rock  seems  to  consist  largely  of  calcitic  crystals,  minute,  it 
is  true,  but  large  enough  to  possess  a  definite  outline,  and  giving 
a  very  finely-granular  effect  when  mounted  in  balsam  and  viewed 
under  the  microscope  with  an  objective  of  one-tenth  inch  focus. 

We  were,  moreover,  struck  by  the  fact  that  much  of  the  matter 
held  in  suspension  in  the  water  after  washing  a  specimen  of  the 
zone  of  Rhynh.  Cvvieri  subsided  more  rapidly  than  that  of 
the  overlying  zone. 

Crystalloids  are  abundant  in  both  zones;  in  the  zone  of 
Rhynchonella  Cuvieri  circular  forms  seem  to  predominate,  but 
those  of  elliptical  shape  are  also  very  common.  None  were 
like  the  true  coccolith,  the  shirt-stud  form  wai?  not  seen. 

The  constitution  of  the  matrix  of  the  Terebrafulina  chalk  is 
very  similar  to  that  of  the  underlying  zone,  except  that  particles 
which  may  be  referred  to  shell  and  the  larger  calcitic  crystals  are 
less  numerous,  the  minute  calcitic  particles  forming  the  greater 
part  of  the  material. 

The  amorphous  inorganic  matter,  the  presence  of  which  is 
quite  appreciable  in  the  lower  beds  of  the  Chalk,  cannot  be  recog- 
nised at  this  horizon. 

The  fine  clay  of  the  residues  presents  no  feature  of  interest. 
Moimted  in  Canada  balsam  it  appeal's  structureless  matter,  con- 
taining here  and  there  a  minute  particle  of  some  mineral. 
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General  Summary. 

In  the  case  of  the  Lower  Chalk  our  study  of  the  chemical  and 
micro-mineralogical  aspects  disclosed  many  features  of  interest. 
Considerable  differences  were  shown  to  exist  in  the  nature  of  the 
deposit  when  si)ecimen8  from  diffei-ent  locaUties  and  horizons 
were  examined,  and  it  was  possible  to  follow  a  lateral  as  well  as 
a  vertical  change  from  a  calcareous  marl  to  a  nearly  pure  cal- 
careous rock,  with  a  sudden  recurrence  of  argillaceous  matter 
at  the  top. 

These  features  are  not  repeated  in  the  Middle  Chalk,  anJ  we 
have  to  deal  with  a  material  more  homogeneous  in  its  nature, 
the  zones  of  this  division  showing  none  of  the  marked  difterenc^s 
which  oe^ur  in  the  Lower  Chalk.  The  hard  nodular  Mel  bourn 
Rock,  which  makes  so  well  marked  a  base  to  this  division  over  a 
large  area,  seems  to  have  been  formed  during  a  time  when  the 
sea-floor  was  swept  by  a  steady  current.  The  nodules  which  ai'e 
so  prominent  a  feature  of  this  bed,  are  not  phosphatic  concretions, 
but  seem  to  have  been  the  firmer  parts  of  an  original  deposit  which 
resisted  the  effects  of  the  current  action ;  they  are  different 
ir>  character  to  the  surrounding  matrix,  which,  though  vari- 
able in  its  aspect,  is  usually  full  of  shell-fragments.  These 
appear  to  have  been  sorted  out  from  the  fine  mud  by  a  slight 
cui-rent,  for  in  several  thin  sections  they  have  the  appearance 
of  hiiving  been  arranged  round  the  nodule  as  though  by  the  action 
of  slowly  moving  water.  Tlie  results  of  chemical  analysis  of  this 
bed  do  not  suggest  that  the  current  bore  with  it  terrigenous  mate- 
rial, for  the  j^ercentage  of  the  resiclue  is  everywhere  less  (for  each 
locality)  than  in  the  highest  l)ed  of  the  zone  of  Ilolaster  svhglo- 
hosus.  Tlie  amount  of  the  coai'se  residue  is  evervwhei-e  vei'v  small, 
and  nuicli  even  of  this  consists  of  peculiar  organic  meshwork 
which  may  probably  l)e  referred  to  sponges. 

In  the  overlying  chalk  the  nodular  character  of  the  rock 
gradually  di8aj)i3ears  and  analysis  of  sjxjcimens  (with  one 
exception)  shows  that  the  amount  of  tine  inorganic  material 
mingled  with  the  calcareous  mud  diminishes.  The  exception 
is  a  specimen  analysed  by  Dr.  Hume  from  Swanage,  Dorset,  from 
which  he  obtained  a  residue  of  7*72  per  cent.,  none  of  the  other 
examples  exceeding  2  *  28  per  cent. 

Western  examples,  howe\'er,  still  exhibit  the  more  decided 
traces  of  adjacent  land,  and  we  find,  from  Dr.  Hume's  notes, 
that  in  the  zone  of  Rhynchondla  Cuvieri  in  Devonshire  terri- 
genous material  is  still  a  feature  of  the  deposit.  Though  the 
amount  of  detrital  minerals  is  small,  yet  it  is  i)ossil)le  to  identify 
amongst  them  fragments  **  such  as  would  lx»  derived  from  the 
igneous  rocks  of  the  south-western  counties."  These  mineral 
fragments  are,  howevei',  not  so  abundant  in  the  base  of  the  zone 
as  in  the  limestone  locallv  known  as  Iker  Stone.     In  this   l)i\ 
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Hume  records  sand  grains  as  large  as  *  88  mm.  in  their  longest 
diameter,  while  in  the  same  zone  at  Lulworth  the  maximum  in 
•  48  mm.  Except  in  the  Swanage  specimen;  the  amount  of 
fine  clay  is  slightly  larger  than  in  the  south-eastern  and  midland 
counties. 

The  characteristic  feature  of  these  two  zones  does  not  lie  with  ^ 
the  inorganic  but  with  the  organic  constituents  of  the  rock. 
Thin  sections  viewed  under  the  microscope  show  that  Spheres 
are  extraordinarily  abundant,  and  the  deposit  is  crowded  with 
them,  no  matter  from  what  locahty  the  specimen  comes.  M. 
Cayeux  also  notices  this  feature  in  the  chalk  of  the  Paris  basin.* 

In  some  specimens  from  the  zone  of  RhyiwhmieHa  Cumeri  these 
minute  bodies  form  70  or  80  per  cent,  of  the  rock.  Tlieir  out- 
line is  usually  though  not  always  well  defined,  the  test  a  well 
marked  ring  and  their  interiors  filled  either  with  fine  calcareous 
paste  or  minute  calcitic  crystals.  These  organisms,  though  often 
locally  abundant  in  the  Lower  Chalk,  ai*e  never  so  constant  a 
featui-e  as  at  this  horizon.  Associated  with  the  Spheres  are 
Globigerina  and  Textvlaria ;  in  tlie  former  the  walls  of  the 
tests  are  seen  to  be  well  marked  in  the  thin  sections  of  the  rock, 
though  they  are  not  so  thick  as  those  found  in  sections  of  Atlantic 
mud,  and  the  number  of  specimens  occurring  in  a  thin 
slice,  though  variable,  ia  never  so  large  as  in  the  modern 
oceanic  deposit.  Another  feature  of  this  zone  is  the  abundance 
of  the  prisms  of  /noceramiis-shells,  which  are  doubtless  derived 
from  1  iwceramxLS  mytUoides  so  abundant  in  this  zone. 

There  can  l)e  no  doubt  that  the  lower  pai^t  of  the  Middle 
Clialk  is  built  up  chiefly  of  disintegrated  /?u)c^amws-shells, 
Foi'aminifera,  and  Spheres,  though  Echinoderms,  Star-fish, 
liryozoa,  and  other  calcareous  organisms  have  added  their  quota 
to  the  deposit. 

There  is  no  marked  divisional  line  l^tween  this  zone  and  that 
of  Terehratuliiui,  the  conditions  of  one  passing  gradually 
to  those  of  the  other.  Spheres  gradually  l^eeome  less  numer- 
ous, their  shells  thinner,  their  outline  less  defined,  until 
above  the  lower  third  a  large  part  of  the  rock  of  this  zone  consists 
of  amorphous  calcareous  material,  giving  no  evidence  of  its  deri- 
vation.! 

It  is  not  until  quite  the  upper  part  of  the  zone  is  reached'that 
Spheres  and  Foraminifera  again  begin  to  appear  conspicu- 
ously in  thin  sections  of  the  rock,  and  their  tests  partially  regain 
the  clear  definition  and  robustness  seen  in  the  zone  of  Rhyncho- 
ndla  Cumeri.  In  this  part  of  the  zone  in  some  locahties  minute 
Crlobigerina  and  Tettularia  are  more  common  than  usual. 


*  See  Contribution  k  T^tude  Micrographique  des  Terrains  S^dimcntaires, 
by  M.  L.  Cayeux,  p.  454. 
t  See  also  Cayeux,  op.  cit.  p.  456.  • 
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In  1  )or8et  and  Devon  the  higher  parts  of  the  zone  show  signB 
of  a  change  of  conditions ;  the  chalk  becomes  full  of  small 
Foraminifera  and  Spheres  and  minute  shelly  fraf^mente ;  small 
yellowish  grains  of  glauconite,  nearly  absent  in  samples  of  this 
zone  from  the  midlands  and  south-eastern  counties,  make  their 
appeai-ance.  Sponge-spicules  are  of  frequent  ocscurrence,  some 
beds  assume  the  character  of  a  semi-crystalline  limestone,  and 
the  general  conditi(jns  seem  somewhat  similar  to  those  of  the 
Chalk  Rock. 

Of  the  organisms  which  occxu*  in  the  Middle  Chalk,  Spheres 
and  Inoceramus-prisms  have  already  been  alluded  to,  but  another 
constant  feature  deserves  notice,  viz.,  the  number  of  minute 
ossicles  of  peculiar  character  which  have  been  recognised  by  Dr. 
Gregory  as  the  ambulacral  plates  of  an  Ophiurid^  These  plates 
are  especially  numerous  in  the  Tereiyratvlina  zone,  though  they 
occur  commonly  in  the  lower  zone  as  well. 

The  number  of  Foraminifera  obtained  from  washings  and  resi- 
dues is  not  so  large  as  in  the  Lower  Chalk,  and  those  isolated  do 
not  show  much  variation  when  the  species  of  this  division  are 
compared  with  those  of  the  Lower  Chalk.  Judging  from  the 
results  of  the  washings,  Foraminifera  are  not  very  abimdant,  for, 
as  we  have  already  stated,  the  amount  of  material  used  was  quite 
as  large  as  that  from  the  lower  division,  and  its  condition  in  the 
Terebratnlina  zone  was  favourable  to  the  separation  of  these 
forms. 

Arenaceous  Foraminifera  are  comparatively  rare,  but  short 
lengths  of  arenaceous  tubes,  prolmbly  fragments  of  Rhizammiva, 
form  a  considerable  part  of  many  of  the  residues.  The  most  per- 
sistent forms  are  those  of  Avvniodiscus.  Globigerina  cretacea 
and  Globiyeriria  vmrginata  were  both  fairly  common  in  the 
washings,  but  it  may  be  remarked  that  their  numbers  are  not 
greatly  in  excess  in  their  proportion  to  other  Foraminifei'a. 
It  is  difficult  to  estimate  what  proportion  they  l)ear  to  the 
mass  of  the  Chalk ;  certainly  it  is  not  a  very  large  one,  and 
individually  they  are  far  less  abundant  than  in  specimens  of  Atlantic 
ooze  in  our  jxjssession.  Judging  from  thin  sections,  they  appear 
to  l}e  most  abundant  in  the  lower  part  of  the  Middle  Chalk,  especi- 
ally in  such  sections  as  contain  many  shell-fragments,  and  where 
the  heavier  particles  seem  soiied  out,  presumably  by  current  action. 
Thin  sections  also  show  that  the  shells  of  Foraminifera  in  the 
Terehratulifia  zone  become  thin,  though  the  specimens  of  Globi- 
gerina isolated  from  the  lower  part  of  this  zone  were  especially 
line,  larger  in  fact  than  from  any  other  horizon  in  the  Chalk. 

Sponge  spicules  are  rare  in  the  Middle  Chalk,  and  are  only  con- 
spicuous in  the  hard  I)ed8  at  the  summit  of  the  division  in  the 
west  of  Enjxland. 
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The  following  is  a  list  of  all  the  Foraminifera  identified  by  Mr. 
Chapman  from  our  washings  and  residues : — 

Middle  Chalk  Foraminifera. 


» 


» 


»> 


Rhizammina  indivisa,  Brady 

Reophax  sp.  nov. 

Haplophragmium  sp.     -        -        .        - 
Ammodiscus  charoides,  J.  and  P.- 

gordialis,  J.  and  P,  sp.   - 
incertus,  dOrb. 
tenuis,  Brady 
Trochammina  sp 
Textularia  agglutinans,  d'Orb, 
minuta,  Berth.     - 
trochus,  d'Orb     - 
„         turris,  dOrb, 
Tritaxia  tricarinata,  Reuss     - 
GJaudryina  filiforrais,  Berth,  - 

„  rugosa,  d'Orb. 

Bulimina  affinis,  dOrb, 
brevis,  d'Orb. 
elongata,  dOrb.     - 
Orbignyi,  Reu8S   -        -        - 
Presli,  Eeu88 
„       murchisoniana,  d'Orb.  - 
Bolivina  textularioides,  BeuM 

Marginulina,  sp. 

Vaginulina  recta,  Beusa 
Cristellaria  cultrata,  Montf, 
gaultina,  Berth. 
Bronni,  Roemer-        -        - 
convergens.  Bom.     - 
Qlobigerina  cretacea,  d'Orb. 
„  marginata,  Reuss. 

„  sequilateralis,  Brady 

Anbmalina  ammonoides,  Reuss  sp. 
Truncatulina  ungeriana,  dOrb.    - 
„  lobatula,  Walker  sp. 

„  akneriana,  dOrb.    - 

Pulvinulina  sp. 

Rotalia  Soldani,  dOrb,  var.  nitida,  Reuss 


Zone  of  Rhynch. 
Cuvieri. 
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Ter. 
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CHAPTER  XLV. 

THE    CHEMICAL     COMPOSITION    OF    MIDDLE    CHALK. 

Analyses  of  Middle  Chalk  do  not  bring  out  much  vainety  of 
chemical  composition.  The  hardness  of  the  Melboum  Rock  and 
of  certain  beds-  in  the  Terebratulina  zone  appears  to  be  due  partly 
to  the  slow  accumulation  of  the  material  of  which  they  are  fonned, 
and  partly  to  subsequent  changes  by  which  these  particular  beds 
were  rendered  denser  by  the  infiltration  of  crystalline  carbonate 
of  lime  or  calcite  ;  the  amount  of  this  calcite  l)eing  greater  in 
some  places  than  in  others. 

The  Chalk  of  the  Rhynchonella  Cuvieri  Zone. 

The  following  is  an  analysis  of  Melbourn  Bock  taken  from  the 
cutting  on  the  railway  one  mile  south  of  Burghclere,  Hants,  and 
made  by  Mr.  J.  T.  Hewitt  (late  of  St.  John's,  Cambridge) ;  pub- 
lished in  Papers  of  the  Hants  Field  Club,  No.  ii.,  p.  72  (1888). 

Silica 7-99 

Lime     - 49  07 

Magnesia trace 

Peroxide  of  iron '33 

'  1           Carbonic   acid 38*53 

I  /            Phosphoric  acid 4*15 

100*07 
In  this  analysis  the  amount  of  silica  is  unusually  large  and  the  propor- 
tion of  lime  is  not  sufficient  to  be  in  combination  with  both  the  phosphoric 
and  the  carbonic  acids,  so  that  it  does  not  seem  to  be  reliable. 

Messrs.  Way  and  Paine  give  an  analysis  of  a  "  very  hard  yellowish 
chalk,  mixed  with  broken  chalk  fossils,  and  lying  between  the 
last  marl  {i.e.,  Grey  Chalk),  and  the  chalk  with  flints.''*  This 
sample  was  doubtless  from  near  the  lower  part  of  the  Rhyn- 
clioiiella  Cuvderi  zone.  They  also  give  one  of  the  lower  ix)rtion 
of  the  Chalk  with  flints  (?  upper  part  of  Middle  Chalk).  IJoth  were 
obtained  near  Farnham.    These  two  analyses  are  copied  l>elow"  :  — 


Clay  and  sand,  insoluble  in  acid 
Carbonic  acid 
Sulphuric  acid    - 
Phosphoric  acid  - 

Lime 

Magnesia     -        -        -        - 

Potash 

Soda     -        - 
Oxides  of  iron    - 


1. 


2. 


2*04 
42-14 
•31 
•07 
54  •  37 
•25 
•08 
•19 
•55 


•66 

42  •  98 

trace 

•08 

55*24 

•10 

•06 

•14 

•74 


100-00 


100*00 


The  amount  of  carbonate  of  lime  in  the  first  sample  will  be  over  95  per 
cent.,  and  in  the  second  about  98  per  cent. 


Journ.  Roy.  Agric.  Soc.,  Vol.  xii.,  p.  552  (1852). 


MIDDLE  CHALK — CHEMICAL  COMPOSITION. 


527 


The  following  samples,  taken  from  different  parts  of  the  Middle 
Chalk,  were  sent  to  Professor  J.  B.  Harrison,  the  Government 
Chemist  of  British  Guiana,  who  kindly  undertook  to  have  them 
analysed  in  the  Laboratory  at  Georgetown  imder  his  own  superin- 
tendence, the  method  employed  being  that  devised  by  him  for 
separating  the  different  siliceous  ingredients.  The  horizons  and 
localities  of  the  samples  are  :  — 

No.  1.  Mellwum  Rock,  Okeford  Eitzpaine,  Dorset,  lowei'  part. 
No.  2.  Melbourn  llock  from  the  same  place,  upper  part. 
No.  3.  Chalk,  50  feet  above  Melbourn  Rock,  Hitchin,  Herts. 


1. 

2. 

3. 

Organic  matter,  etc. 

•57 

•50 

•10 

Quartz  - 

•55 

•30 

•15 

Colloid  silica            .        .        .        . 

•65 

•45 

•35 

Combined  silica    - 

l'2b 

•29 

•23 

na 

Iron  peroxide 

•40 

•26 

•28 

Alumina        -        -        .        . 

•39    ^ 

•39 

•77 

ates 
Clay. 

Inorganic  Oxide   - 

•28 

•05 

•23 

Calcium  oxide 

•05 

— 

Magnesia       -        -        .        . 

•02 

•35 

traces 

za 

Potash           .... 

•16 

•04 

•14 

,  Soda     

trace 

trace 

•13 

Calcium  sulphate    -        -        -        - 

•17 

•41 

•29 

Calcium  carbonate 

95-20 

97  02 

96^15 

Magnesium  carbonate     - 

•68 

1-34 

100^32 

100^11 

100-16 

Traces  of  chlorine  were  found  in  all  of  them. 

Summarising  the  results  of  the  above  analyses,  and  arranging 
the  ingredients  more  nearly  in  order  of  relative  importance,  they 
may  be  expressed  as  below  :— 


Calcium  carbonate  - 
Magnesium  carbonate 
Calciimi  sulphate     - 
Silicates    -       -       - 
Colloid  silica     - 
Quartz     - 
Organic  matter 


1. 


2. 


95-20 

97^02 

96-15 

•68 

134 

•17 

'41 

•29 

2^50 

1'43 

1-78 

•65 

•45 

•35 

•55 

•30 

•15 

•57 

•50 

•10 

100^32 

100-11 

100^16 

3. 


It  will  be  noticed  that  these  are  all  very  pure  limestones,  and 
that  the  amount  of  crystalline  silica  or  quartz  in  them  is  very 
small  indeed.  The  amount  of  clay  in  the  Melbourn  Rock  varied 
only  from  1*4  to  2*5  per  cent.,  and  the  total  amoimt  of  siliceous 
matter  in  the  lower  sample  of  this  rock  is  only  3  •  70. 
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Mr.  R.  A.  Berry  has  kindly  placed  at  my  disposal  the  fol- 
lowing analysis  of  a  sample  ot  chalk  from  the  zone  of  Rhynch. 
Cuvieri  obtained  by  himself  at  Hitchin : — 

Calcium  carbonate 93*88 

,,        phosphate '31 

Excels  of  lime 2-91 

Ma^esium  carbonate *67 

Oxide  of  iron  and  alumina '27 

Manganese  dioxide  '58 

Colloid  silica "72 

Clay  and  quartz '27 

Loss  in  analysis     .        -        v        .        .        .        .  -39 

The  excess  of  lime  in  this  analysis  is  difficult  to  account  for, 
and  the  amount  of  calcium  carbonate  is  small  compared  with 
other  analyses,  but  Mr.  Berry  only  obtained  41  "66  of  carbonic 
acid  from  the  material. 

Professor  Barrois  has  i)ubli8hed  an  analysis  by  M.  Duvillier  of 
a  sample  of  nodular  chalk  from  the  zone  of  Rkyndumella  Cuvieri^ 
obtained  by  him  from  St.  Catharine's  Hill,  near  Winchester ;  it 
is  as  follows  (see  **  Recherches,"  1876,  p.  41)  :— 

Clay  and  sand "72 

Soluble  silica '06 

Oxideofiron '20 

Phosphate  of  lime "12 

Carbonate  of  lime 98 '35 

Carbonate  of  magnesia *40 

99*85 

The  following  analysis  of  the  Beer  Stone  of   Devonshire  was 

made  by  Mr.  Charles  Ekin,  F.I.C.,  F.C.S.,  who  kindly  places  it  at 

our  disposal.    The  sample  was  taken  from  the  quarry  by  himself 

in  1899.     AVhen  thoroughly  air-clried  it  yielded— 

Silica  and  silicates 4  •  18 

Ferricoxide  and  alumina "76 

Carbonate  of  calcium 93*38 

Carbonate  of  magnesia 1'12 

Moisture       -                '18 


99-62 

This  agrees  very  nearly  with  Dr.  Hume's  result  (see  p.  513), 
who  found  3*45  of  siliceous  residue  m  one  sample  of  Beer  Stone. 

Mr.  Ekin  also  analysed  some  of  the  hard  knotty  lumps  which 
occur  in  the  zone  of  Ilhyrvchoiiella  Cuvieri  along  the  coast.  He 
notes  that  this  hard  chalk  was  semi-crystalline,  while  the  sur- 
rounding chalk  had  the  usual  earthy  and  amorphous  appearance. 
The  results  obtained  were  as  follow  :  — 


Loss  on  drying  at  120  degs.  C.  - 
Carbonate  of  calcium 
Silica  and  silicates     - 
Chlorine 


Hard 
Chalk. 


Soft 
Chalk. 


3-52 
93  •  5 
•73 
1-228 

98-978 


•24 
95- 
•78 
•085 

96-105 
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The  amounts  of  chlorine  would  be  equal  to  2*023  and  14 
respectively  of  chloride  of  sodium,  and  its  presence  is  doubtless 
due  to  the  saturation  of  the  rock  by  the  sea-spray. 

The  following  is  an  analysis  by  Mr.  Prangley  of  a  sample  of  hard 
chalk  used  as  a  flux  in  smelting  the  brown  iron-ore  of  the  Corallian 
Beds  at  Westbury,  Wiltshire.  The  specimen  formed  part  of  a 
series  exhibited  by  the  Westbury  Iron  Company  in  the  Inter- 
national Exhibition  of  1862,  and  afterwards  presented  to  the 
Museum  of  Practical  Geology. 

Inquiry  at  the  works  elicited  the  information  that  the  chalk 
was  obtained  from  the  large  quarry  on  Westbury  Hill ;  the  lower 
part  of  the  chalk  there  exposed  is  hard,  and  belongs  to  the  zone  of 
Rhynchondla  Cumeri,  not  far  above  the  Melbourn  Hock  (see  p.  464 ). 

Water .260 

Organic  matter           -        -        -*       -        -        ►  1 .  865 

Silica -        -  1.110 

Carbonate  of  iron  and  traces  of  alumina         -  2.677 

Phosphate  of  lime      ------  .  523 

Carbonate  of  lime      ---.--  93.104 

Carbonate  of  magnesia .188 

Sulphate  of  lime 132 

Chloride  of  sodium trace 

Loss             .14] 


100.000 


Chalk  of  the  Terebbatulina  Zonk. 

Very  few  analyses  of  this  part  of  the  chalk  appear  to  have  been 
made,  probably  because  it  is  not  very  frequently  exposed  in  quarries, 
and  has  been  dug  chiefly  for  burning  into  lime  and  making  into 
whitening.  It  is  a  very  pure  chalk,  and,  so  far  as  it  has  been 
examined,  it  never  contains  less  than  96  per  cent,  of  carbonates, 
and  sometimes  has  as  much  as  99  per  cent,  (see  table  on  p.  521). 

The  analysis  of  a  Chalk  which  was  probably  taken  from  this 
zone  near  Farnhara  in  Surrey  has  already  been  given  (p.  526). 

Mr.  R.  A.  Berry  has  made  an  analysis  of  a  sample  from  the 
**  upper  part  of  the  Middle  Chalk  "  at  Royston,  and  has  kindly 
placed  tne  result  at  our  disposal,  this  is  jis  follows  : — 

Calcium  carbonate 85.93 

„        phosphate .80 

Excess  of  lime 5.85 

Magnesium  carbonate         .        .        -                -        -  3,53 

Oxide  of  iron  and  alumina '21    . 

Manganese  dioxide      •                         -                -       -  .15 

Colloid  silica        ..-...--  1.43 

Clay  and  quartz          -        -                                 -        -  1.20 

Loss  on  ignition         -....--  .17 

Loss  in  analysis           .-..---  .53 

100.00 
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A  sample  of  the  layer  which  breaks  into  columuai*  or  rectangu- 
lar pieces  at  the  base  of  this  zone  in  Lincolnshire,  was  analysed 
by  Mr.  Grant-Wilson,  of  the  Geological  Survey,  with  the  following 

result*:  — 

Insoluble  in  hydrochloric  acid,  chiefly  alumina  -       -        -  1 .06 

SoluUe  portion— 

Carbonic  acid 43. 06 

Sulphuric  acid .45 

Lime 54,63 

Magnesia .39 

Manganese -  trace 

Protoxide  of  iron  --- .35 

Alumina               -        - .24 

100.17 

These  ingredients  may  be  combined  as  follows  :— 

Carbonate  of  lime 96.88 

Carbonate  of  magnesia     --..--.  .81 

Sulphate  of  lime .76 

Alumina  and  iron  oxide    -------  .59 

Insoluble  silica  and  alumina 1.06 

100.10 

The  following  analysis  of  chalk  is  taken  from  a  "Report on  the 
Soils  of  Kent  and  Surrey  to  the  Technical  Education  Com- 
mittees," by  A.  D.  Hall  and  F.  J.  Plyman,  of  the  Agricultural 
College  at  Wye  (1902).  Mr.  Hall  informs  me  that  the  sample 
came  from  a  pit  about  three-quarters  of  a  mile  east  of  Wye,  and  300 
fe<>i  above  the  outcrop  of  the  Gault.    The  chalk  was  dried  at  100**  C. 

Insoluble  Ke.sidue         ..----.  2*480 

Soluble— Lime              -        -  52*750 

Magnesia *211 

Ferric  Oxide '067 

Alumina '113 

Potash -098 

Soda -013 

()xide  of  Manganese '149 

Soluble  Silica '035 

Sulphuric  Acid *082 

Phosphoric  Acid *106 

Chlorine '006 

t  Carbonic  Acid         -        - 37*670 

X  Organic  niatter  and  combined  water      -        -        -  5*400 

99*180 


*  Quoted  from  the  Geology  of  East  Lincolnshire.  Man.  Geol.   Survey, 
1884. 

t  Equal  to  85*61  of  Calcium  Carbonate. 

t  Mr.  Hall  informs  me  that  most  of  this  amount  is  probably  organic 
matter,  and  that  the  combined  water  is  not  likely  to  exceea  1*5  per  cent. 
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CHAPTER    XLV. 

WHITE   CHALK    AS    COMPARED    WITH   RECENT 

CALCAREOUS  OOZES. 

In  dealing  with  the  Lower  Chalk  we  ventured  to  compare  its 
material  with  the  calcareous  oozes  now  l)eing  deposited  in  certain 
enclosed  seas,  such  as  the  Gulf  of  Mexico.  The  Middle  and  Upper 
stages  of  the  Chalk  differ  from  the  Ix)wer  in  consisting  of  much 
purer  material.  A  priori,  therefore,  it  would  seem  natural  to 
suppose  that  this  purer  material  was  formed  in  deeper  water 
and  at  a  greater  distance  from  land  than  that  of  the  Lower 
Chalk.  This  conclusion,  however,  has  l^een  disputed,  and  several 
eminent  authorities  have  declared  that  no  part  of  our  Chalk 
formation  is  comj)arable  with  any  modem  oceanic  deposit. 

It  seems  necessary,  therefore,  to  discuss  the  general  question 
of  whether  such  a  comparison  can  be  made  before  we  deal  with 
special  evidence  regarding  the  conditions  under  which  the  Middle 
Chalk  seems  to  have  been  accumulated. 

1.  Points  of  Resemblance  and  Diffekence. 

Much  has  been  written  respecting  the  similarity  between  the 
material  of  the  chalk  and  that  of  Globigerina  ooze ;  some  have 
declared  the  I'esemblance  to  be  very  great,  and  have  regarded 
"  the  chalk  "  as  an  ancient  foraminiferal  and  oceanic  deposit 
analogous  to  the  Globigerina  ooze  now  found  on  the  Atlantic 
floor ;  others  (including  Sir  J.  MmTay)  have  pointed  out  certain 
marked  differences  between  them,  and  have  declared  that  they 
cannot  have  l)een  formed  under  the  same  physical  and  geographi- 
cal conditions. 

It  appears  to  me  that  this  is  a  subject  on  which  it  is  possible  to 
take  too  wide  and  general  a  view  on  the  one  hand,  or  a  too  limited 
and  restricted  view  on  the  other  ;  and  that  a  really  valid  opinion 
can  only  be  arrived  at  by  careful  steering  between  these  two 
extremes,  and  by  a  more  thorough  consideration  of  the  facts  and 
possibilities  than  anyone  has  yet  attempted. 

For  instance,  until  about  ten  years  ago  most  of  the  writers  who 
discussed  this  question  spoke  of  "  the  chalk,"  or  "  la  craie,"  as  if 
its  composition  was  similar  throughout,  utterly  ignoring  the 
existence  of  such  beds  as  the  Melboum  Rock  and  the  hard  beds 
which  occur  in  the  zone  of  Holaster  planus  ;  to  say  nothing  of  the 
more  minute  differences  which  are  obswvable  by  the  aid  of  the 
4210.  Mm 
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microscope.  The  careful  investigations  carried  out  by  Dr.  A.  S. 
Hume  and  Mr.  W.  Hill  (Chapter  xxii.  &  xliii.)  have  shown  decisively 
that  there  are  great  differences  in  the  composition  of  "  chalk," 
according  to  the  zonal  age  of  the  material.  As  these  differences 
have  become  known,  it  has  become  evident  that  it  is  most 
unscientific  to  compare  the  Chalk  as  a  whole  to  Glcbigerina  ooze 
as  a  whole.  Each  stage  of  the  Chalk  and  each  part  of  such  a  stage 
must  be  considered  separately,  and  more  work  is.  yet  required  in 
the  investigation  of  the  lithological  differences  presented  by  each 
zone  in  its  extension  from  area  to  area. 

Again,  there  are  several  ways  in  which  too  Umited  a  view  of 
the  analogies  between  chalks  and  modem  oozes  may  be  taken. 
It  is  obvious  that  an  observer  who  bases  his  conclusions  on  the 
examination  of  chalks  obtained  from  a  single  district  will  not 
have  the  requisite  material  for  comparison.  Thus,  the  Middle 
Chalk  of  the  extreme  north-eastern  part  of  France  may  have 
been  formed  in  comparatively  shallow  water,  but  it  does  not 
follow  that  chalk  of  the  same  age  but  of  much  purer  character  in 
the  central  and  western  paits  of  the  Paris  Basin  was  formed  in 
water  of  the  same  depth. 

Again,  we  must  not  forget  that  the  Cretaceous  chalks  are 
ancient  deposits,  that  they  have  been  raised  above  sea-level  for 
a  long  time,  and  have  been  exposed  to  the  action  of  percolating 
waters,  and  have  been  saturated  with  fresh  water  up  to  various 
levels  at  various  times  and  places.  There  can  \ye  no  doubt  that 
some  important  changes  have  been  effected  in  the  minute  structure 
and  composition  of  the  Cretaceous  chalks  since  they  wei'e  at  tlie 
bottom  of  the  sea,  and  the  scope  of  these  changes  must  l)e  con- 
sidered, but  we  do  not  think  they  can  l)e  credited  with  the  entire 
removal  of  (HobiijeriTva  or  of  other  Foraminifera. 

In  this  connection  the  Tertiary  chalk  of  Barbiulos  becomes  of 
the  greatest  importance,  because  it  forms  ])art  of  a  series  of  l)eds 
which  are  uncjuestionably  comparable  with  the  Red  Clays,  the 
Radiolarian  (X)ze,  and  the  Gtobigerina  oozi»  of  the  modern  oceans. 
At  the  same  time,  Barbadian  chalk  presents  a  very  close  resem- 
blance to  EnglLsh  white  chalk,  not  only  in  its  general  as|XK?t 
but  in  its  structure,  and  especially  in  the  small  proportion  of 
perfect  Foraminifera  to  the  mass  of  the  fine-grained  powderv 
matrix.* 

In  the  same  way  with  regard  to  modern  deposits  it  ought  to 
be  remembered  that  Glolnyerinn  ooze  is  a  general  name  for  a  class 
of  deposits,  },n(l  not  for  a  single  variety  of  nearly  constant  com- 
position. The  exploration  of  the  oceanic  depths  by  the  CJial- 
lenger  and  other  exi)editions  hav<'.  greatly  enlarged  our  know- 
ledge, and  have  resulted  in  a  U3ef  ui  general  classification  of  marine 


•See  Geology  of  Barbados,  Quart.  Jouni.  Geol.  Soc.,  Vol.  xviii.,  p.  179 
(1892). 
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deposits,  but  it  is  possible  that  in  this  excellent  general  view  the 
local  difterences  presented  by  each  kind  of  deposit  have  not  lx»en 
sufficiently  allowed  for,  and  perhaps  they  are  not  yet  sufficiently 
understood.  It  is  useful  to  have  a  general  name  like  "  Glohigerina 
ooze,"  but  no  one  can  peruse  the  Challenger  Report  on  Deep 
Sea  Deposits  without  realising  that  there  are  many  varieties  of  such 
ooze.  The  investigators  have  always  l)een  careful  to  say  that 
Glohigerina  ooze  passes  into  red  clay  on  the  one  hand  and  into 
Pteropod  ooze  or  into  green  mud  on  the  other  ;  but  geologists 
would  have  been  grateful  for  a  more  complete  description  of  some 
of  these  gradations  and  varieties  of  dejwsit,  and  especially  of  those 
which  occur  in  the  lesser  depths  of  the  oceanic  ])asins,  or  in  such 
areas  as  the  Caribbean  Sea. 

Professor  A.  Agassiz  has  drawn  attention  to  some  of  the  differ- 
ences which  the  calcareous  oozes  exhibit  in  the  Caribbean  Sea  and 
the  Gulf  of  Mexico.*  He  speaks  of  them  as  modified  Glohigerina 
and  Pteropod  oozes,  and  Sir  J.  Murray  in  his  report  on  the  samples 
submitted  to  him  says  :  "f  "It  should  be  remembered,  however,  that 
both  in  the  size  of  the  mineral  particles  and  in  the  nature  of  a  laige 
number  of  the  calcareous  particles  these  deposits  differ  considerably 
from  similar  deposits  found  far  away  from  land  in  the  open 
ocean,  and  called  also  Pteropod  and  GlobigeriTia  oozes."  It  does 
not  apjiear  that  any  samples  from  the  central  parts  of  the  Caribbean 
sea  were  examined. 

The  principal  difference  between  the  purer  white  chalks  and  the 
more  calcareous  oceanic  oozes  described  in  the  Chall^enger  Report 
on  Deep  Se^  Deposits,  consists  in  the  relative  proportions  of 
j)erfect  or  nearly  perfect  Foraminifera  to  the  mass  of  the  deposit. 
In  the  modern  oceanic  deposits  the  shells  of  pelagic  Foraminifera 
are  very  abundant ;  they  generally  make  up  about  half  the  actual 
mass  of  the  deposit,  and  in  the  case  of  many  Glohigerina  oozes  they 
form  between  70  and  80  per  cent,  of  the  mass.  The  following 
table  has  been  compiled  from  statements  given  in  the  Chal- 
lenger Repoil :  — 


Proportion  of  Pelagic 
Foraminifera. 


Proportion  of 

P'oraniiniferu 

living  on  Bottom. 


In  Glohigerina  ooze 
In  Pleropodooze  - 
In  Coral  mud 
In  green  mud 


From 

25  to  80 

30  to  75 

10  to  56 

1   to  35 


Average 


53.1 
47.15 
31.27 
14.59 


Average. 

2.13 

3.15 

14.64 

2.94 


♦  Three  Cruises  of  the  Blake,  Vol.  i.,  p.  281,  and  map  on  p.  280  (1888). 
t  Hull.  Mus.  Comp.  Zool.,  U.S.,  Vol.  xii.,  p.  45  (1885). 
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On  the  other  hand,  with  whiter  chalks  of  the  Cretaceous  Sj^stem 
the  relative  proportion  of  recognisable  Foramioifera  is  generally 
sinall.  It  is  a  curious  fact  that  this  was  pointed  out  by  Dr.  Mantdl 
so  long  ago  as  1845*;  it  was  re-stated  by  Mr.  Hill  in  1889t  and 
independently  by  M.  L.  CaveuxJ  in  1891,  and  was  discussed  at 
length  by  the  same  author  in  1897.11  M.  Cayeux  points  out  that  the 
abundance  of  Foraminifera  varies  greatly  in  different  loc^alities,  that 
in  some  cases  they  do  not  form  more  than  5  per  cent,  of  the  mass, 
though  in  others  they  may  amount  to  aa  much  as  75  or  80  per  cent., 
but  it  must  be  remembered  that  in  this  amount  he  includes  what 
we  call  Spheres.  Mr.  Hill  informs  me  that  in  Knglish  chalks 
of  the  Middle  and  Upper  divisions,  the  proportion  of  Foraminifera 
is  alwa}'s  small,  and  that  though  there  are  some  horizons  and 
localities  where  they  are  more  abundant  than  usual,  the  average 
proportion  is  not  more  than  10  per  cent,  of  the  mass,  and  is  often 
only  about  5  per  cent,  (excluding  Spheres). 

With  respect  to  the  Globigeriace  in  particular,  they  cannot  be 
regarded  as  the  dominant  form  in  Cretaceous  chalk.     M.  Cayeux 
says  (op.  cit.,  p.  457 » that  "  the  role  of  GtobigeriruB  is  on  the  whole 
quite  secondary,  and  is  often  almost  negligeable."  This  statement  is 
confirmed  by  Mr.  Hill,  who  writes  as  follows : — "  As  to  Globigerince^ 
though  fairly  common  in  Melbourn  Bock  and  in  Chalk  Bock,  and 
though  some  specimens  of  chalk  contain  a  few  more  than  others, 
I  entirely  agree  with  M.  Cayeux  that  they  are  frequently  a  negli- 
geable quantity  in  the  constitution  of  the  chalk."    He  further 
remarks  that  the  genus  Textularui  is  in  reality  the  dominant  form 
of  foi-jimiiiiferal  life  in  the  English  Chalk.     This  is  in  accordance 
with  olisei'vations  made  long  ago  by  Ehi'enljerg  and  Mantell. 

Ther(»  an»  two  other  particulars  in  which  some  of  the  Turoiiian 
and  Senonian  chalks,  lx)th  in  England  and  France,  differ  from 
modern  deep-sea  (lei)osits.  These  are  the  })re8ence  often  in  great 
abundance  of  the  spherical  calcareous  bodies  described  on  p.  500, 
and  the  frequent  occurrence  of  sinall  angular  shell-fragments. 
Both  Spheres  and  shell-fragments  are  often  so  numerous  that  the}* 
must  be  regarded  as  i!ni)ortant  constituents  of  the  Clialk  as  a 
whole,  though  the  quantity  of  each  of  these  constituents  varies 
greatly  in  ditVerent  zones,  and  to  a  less  extent  in  different  localities. 

Spheres  are  very  abundant  in  the  Middle  Chalk,  especially  in  the 
lower  50  to  80  feet,  and  again  in  the  up|)er  40  to  50  feet.  Mr. 
Hiirs  experience  is  that  '*  in  the  lower  50  feet  of  the  Middle  Chalk 
Spheres  are  vastly  more  abundant  than  iUohigeriniv  or  any  other 
constituent  except  the  prismatic  fragments  of  InoceramuS'^hQW  ;  " 


*Ann.  Mag.  Nat.  Hist,  Vol.  xvi.,  p.  75. 

tin  the  "(kology  of  London,"  by  W.  Whitaker,  Mem.  Oeol.  Survey 
Vol.  i.,  p.  519. 

J  Ann.  Soc.  Geol.  du  Xord,  T.  xix.,  p.  100. 

•Contribution   a   I  etude   Mi<To;::craphi(iuc  (\v^  Terrains  Sedinientaires, 
Lille,  1S97,  pp.  452-178. 
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and  this  remark  applies  not  only  to  the  whole  of  England,  but  to 
large  parts  of  northern  France  also,  as  inay  be  gathered  from  the 
descriptions  of  M.  L.  Cayenx.    (Op.  cit.) 

In  the  Upper  Chalk  Spheres  are  abundant  in  the  zone  of  Hol<i8ter 
plarms,  but  they  decrease  in  number  through  that  of  Micr,  cortes- 
tudinarium.  In  the  higher  zones  they  are  much  less  numerous, 
though  generally  present.  Mr.  Hill  informs  me  that  it  is  often 
difficult  to  say  whether  the  spherical  bodies  one  sees  in  a  sUde  of 
chalk  are  really  Spheres  or  single  foraminiferal  cells  (seep.  501); 
he  believes,  however,  that  in  most  cases  both  are  present.  Some 
samples  from  the  same  zone  contain  a  larger  number  than  others, 
but  he  thinks  that  above  the  zone  of  A/,  cartestudinarium  such  cells 
and  Spheres  together  seldom  make  up  more  than  15  per  cent,  of 
the  recognisable  ingredients  of  the  chalk. 

With  respect  to  the  occurrence  of  Spheres  in  recent  calcareous 
oozes,  we  are  unable  at  present  to  make  a  definite  statement. 
Minute  spherical  bodies  do  exist  in  many  examples  of  ooze,  and  some 
are  figured  on  Plate  xi.  of  the  Challenger  Report  on  Oceanic  Depo- 
sits, but  Mr.  Hill  is  inclined  to  regard  these  as  foraminiferal  cells, 
and  he  has  not  seen  any  which  quite  correspond  with  the  Spheres 
of  the  chalk. 

Shell-fragments  are  another  important  constituent  of  some  pai*ts 
of  the  Chalk  formation,  and  under  this  head  we  include  fragments 
of  the  shells  of  MoUusca  and  Brachiopoda,  of  the  zoana  of  Bryozoa, 
of  the  tests  and  spines  of  Echinoderms,  and  of  the  ossicles  of  Starfish 
and  Crinoids.  Of  all  these  organisms  Lamellibranch  Mollusca,  and 
especially  the  genus  Inoceramus,  have  contributed  the  largest 
quantity  of  fragments,  and  this  is  only  what  might  have  been 
ex|)ected  from  the  frequency  with  which  more  or  less  perfect  shells 
of  that  genus  occur  throughout  the  Chalk. 

As  in  the  case  of  Spheres,  but  to  a  still  greater  extent,  the  quantity 
of  shell-fragments  varies  greatly  in  different  parts  of  the  Middle 
and  Upper  Chalk ;  at  some  horizons  the  chalk  is  full  of  them, 
while  at  others  they  are  practically  absent.  In  the  zone  of  Rhyn- 
chondla  Cuvieri  they  are  always  conspicuousl}'  abundant,  and  are 
fairly  so  in  the  lower  part  of  the  Terebratulina  zone,  but  become 
fewer  and  fewer  in  the  higher  part.  In  the  zone  of  Holaster  jAanug 
they  are  again  very  numerous,  but  above  that  theii-  numbers 
once  more  decrease  till  in  the  zone  of  Micro  ster  coranguinum  there 
are  generally  very  few,  though  locally  there  are  layers  or  bands  in 
which  such  fragments  are  abundant.  In  the  upper  part  of  the 
M.  coranguinum  zone,  and  in  the  zones  of  MarsujrUes  and  of  Actino- 
camax  quadrcUus  there  are  fewer  shell-fragments  than  in  any  other 
part  of  the  Chalk,  that  is  to  say,  there  are  fewer  fragments  of  the 
size  we  are  now  considering,  and  especially  of  /noceramua-prisms. 
With  regard  to  the  zone  of  BdemnUella  mucronata,  Mr. 
Hill  finds  that  in  such  specimens  as  he  has  examined  shell-frag- 
inents  are  decidedly  more  numerouB  than  they  are  in  the  central 
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part  of  the  Upper  Chalk,  and  further,  that  in  the  Trimmiugham 
Chalk,  they  are  much  more  abundant,  its  apparent  grittinfiss  being 
due  to  the  quantity  of  such  fragments  and  of  Foraminifera. 

If  we  compare  the  shell-fragments  of  the  chalk  with   those 
of  recent  calcareous  oozes  we  find  one  conspicuous  difference, 
and  this  is  the  absence  of  prismatic  shell-debris.    Since,  however, 
the  genus  Inoceramus  is  extinct,  and  its  nearest  Uving  representa- 
tive, Pernaf  has  a  restricted  range  both  in  space  and  in  depth,  the 
absence  of  such  fragments  in  modern  Pteropod  and  Globigerina 
oozes  is  easily  accounted  for.    Chalky  oozes  that  are  being  accumu- 
lated at  no  great  distance  from  land,  and  in  less  than  800  fathoms, 
often  contain  much  shell-d6bris  derived  from  the  shells  of  Gastero- 
poda, Lamellibranchiata,  Pteropoda,  and  Heteropoda,  fragments 
of  Echinoderm  tests  and  spines,  Bryozoa,  Ostracods,  and  calcareous 
AlgflB ;  but  in  the  deposits  which  are  found  in  deeper  water  such 
fragments  are  much  rarer. 

Viewed  as  a  whole,  therefore,  modern  oceanic  deposits  exhibit 
as  great  differences  in  the  quality  of  shell-debris  which  they  con- 
tain as  do  the  different  portions  of  the  great  Cretaceous  deposits 
of  chalk  ;  but  the  differences  observable  in  the  Cretaceous  deposits 
may  not  have  been  due  so  directly  to  the  bathymetric  conditions, 
because  it  is  quite  possible  that  many  of  the  Cretaceous  shells, 
such  as  species  of  Inoceramus^  Ostrea,  and  Spondylus^  Uved  in 
deeper  water  than  any  recent  species  of  these  genera  seem  to 
frequent. 

2.  Is  WfflTK  Chalk  a  Foraminiferal  Deposff? 

A  cursory  consideration  of  the  differences  above  mentioned 
might  lead  to  the  conclusion  that  very  little  of  the  chalk  is  reaUy 
a  foraniiniferal  deposit,  and  that  few  parts  of  it  can  be  compared 
at  all  with  Globigeiina  ooze.  There  are  reasons,  however,  for 
thinking  that  we  shall  Ije  greatly  mistaken  if  we  suppose  that 
the  surface  layer  of  a  calcareous  oceanic  ooze  furnishes  us  with 
anything  like  a  sample  of  the  depasit  as  a  mass  ;  and  yet  the  pub- 
lished descriptions  of  these  oozes  relate  almost  entirely  to  this' 
surface  laver. 

In  the  greater  depths,  where  little  calcareous  material  seems 
able  to  accumulate  and  where  red  clay  is  the  prevalent  deposit, 
it  is  quite  possible  that  the  lower  layers  do  not  differ  much  from 
that  at  the  surface.  But  in  the  lesser  depths,  between  2,000 
and  500  fathoms,  where  the  rate  of  deposition  is  much  more 
rapid  and  where  there  is  a  constant  fall,  or  "  rain,"  of  pelagic 
Foraminifera  and  Mollusca,  it  is  surely  most  probable  that  the 
lower  layers  differ  considerably  from  that  which  lies  on  the  surface. 
The  very  influence,  supposed  to  be  the  decomposing  and  solvent 
action  of  sea  water,  which  causes  thf3  disappearance  of  Pteropod 
shells  at  about  1,400  fathoms,  and  that  of  Foraminifera  at  alxiut 
2,500  fathoms,  must  have  some  effect  on  the  constituents  of  the 
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calcareous  oozes.  The  more  delicate  shellH  in  the  surface  layer 
must  be  the  first  to  yield  to  this  influence  and  nmst  help  to  form 
the  fine  calcareous  powder  or  paste  in  which  the  stronger  shells 
are  embedded.  Thus  we  might  naturally  expect  that  this  disin- 
tegration of  the  more  friable  shells  would  continue  even  after  a 
given  layer  was  covered  by  several  inches  of  fresh  deposit,  and 
consequently  that  the  aspect  of  the  material  in  its  lower  layers 
would  be  very  dift'erent  from  that  of  its  surface  layer. 

As  a  matter  of  fact,  the  soimding  tube  of  the  Challenger  apparatus 
did  on  a  few  occasions  pierce  the  surface  layer  and  brought  up 
samples  of  just  such  a  more  compact  deeper  layer  as  might  have 
been  expected.  Perhaps  the  movst  remarkable  case  of  this  was 
at  Station  334  in  the  South  Atlantic,  at  a  depth  of  1,915  fathoms, 
and  ^  thus  described  (Op.  cit.,  p.  143) :  "  The  sounding  tube 
had  sunk  about  a  foot  (30  cm.)  into  the  bottom  and  brought 
up  a  litre  of  the  deposit.  Of  this  there  were  two  layers,  separated 
by  a  thin  dark  line,  an  upper  layer  of  a  light  brown  colour  and 
about  8  inches  (20  cm.)  in  thickness ;  and  a  lower,  milk-white 
and  over  an  inch  in  thickness,  chiefly  made  up  of  amorphous 
calcareous  matter  and  coccoliths.  On  analysis  the  upper  layer 
gave  84*65  per  cent,  of  carbonate  of  lime,  the  lower  85-77  per  cent." 

Again,  at  Station  331,  in  the  same  region  and  at  a  depth  of 
1,715  fathoms,  '*  the  tube  had  sunk  a  foot  into  the  bottom  and 
brought  up  about  a  quart  (over  a  litre)  of  the  ooze.  The  lower 
layers  were  more  compact  than  the  upper  "  (Op.  cit.,  p.  141).* 
Differences  between  the  top  and  the  lower  layers  were  noticed 
also  at  Station  270  (Pacific),  Station  283  (Pacific),  Station  296 
(Pacific),  and  Station  330  (Atlantic). 

I  believe  M.  A.  de  Grossouvre  was  the  first  to  point  out  the 
significance  of  these  facts.  Writing  in  1892  f  on  the  conditions 
under  which  chalk  has  been  formed,  and  admitting  the  diffei^ 
ence  between  chalk  and  Globigeiina  ooze  taken  from  the  surface 
layer,  he  remarks,  "  in  this  connection,  however,  we  should  take*- 
note  of  the  results  of  certain  soundings,  which  have  shown  that, 
while  the  surface  layer  of  the  Globigerina  ooze  was  formed  princi- 
pally of  the  shells  and  shell-debris  of  these  organisms,  the  sub- 
jacent layer  consisted  solely  of  very  fine  calcareous  mud,  as  if 
the  Globigerina  were  perfect  only  in  the  upper  layer  and  thof>e 
underneath  had  crumbled  into  dust  in  consequence  of  the  de- 
composition of  the  organic  matter  "  [in  their  shells]. 

The  probability  of  such  a  difference- between  the  upper  and 
lower  layers  of  Globigerina  ooze  was  independently  pointed  out 
by  Professor  J .  B.  Harrison  and  myself  in  1895 J  when  comparing 
some  specimens  of  the  modem  ooze  with  Tertiary  and  Cretaceous 

*  Wyville  Thomson  (Depths  of  the  Sea,  p.  409)  has  carefully  described  a 
dredging  obtained  in  1869  from  the  Bay  of  Biscay,  in  which  the  lower  part 
consisted  mainly  of  compact  structureless  chalky  ipud,Qiar]cedly  contrasting 
with  tjie  surface  layer  ot  Globigerina  ooze. 

t  Ann.  Soc.  Geol.  Nord,  Vol.  xx.  p.  7. 

♦  Quart  Journ.  Geol.  Scxj.,  Vol.  ]j.,  p.  328, 
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clialk.  We  suggested  that  the  reason  why  "  deposits  of  a  chalky 
character  were  not  common  among  the  Challenger  dredgings  " 
was  that  these  dredgings  came  almost  entirely  from  the  surface- 
layer  ;  and  that  the  deeper  layers  might  have  *'  as  close  a  similarity 
to  chalk  as  the  surface  ooze  has  in  chemical  composition." 

When,  therefore,  we  consider  that  the  superficial  layer  of  Globi- 
gerina  ooze  is  almost  certainly  the  mere  raw  material  out  of  which 
the  mass  of  the  underlying  deposit  is  formed,  and  that  in  all 
probability  this  final  product  is  not  a  granular  ooze  but  a  fine 
compact  chalky  mud ;  when  also  we  bear  in  mind  the  Tertiary 
chalk  of  Barbados,  and  recollect  the  further  alteration  and  con- 
solidation which  Cretaceous  chalk  must  have  undergone,  we 
may  say  safely  that  very  little  force  remains  in  the  objection 
against  the  comparison  of  chalk  and  foraminiferal  ooze  on  the 
score  of  the  rarity  of  i)erfect  pelagic  Foraminifera  in  the  former. 

When  further  exploration  is  made  of  the  deeper  layers  of  the 
calcareous  oceanic  deposits,  it  is  probable  that  thoae  will  be  found 
to  l)e  quite  comparable  with  chalk  in  this  respect ;  and  for  present 
purposes,  if  it  can  be  shown  that  in  all  other  respects  there  is  a 
close  resemblance  between  any  part  of  the  English  Chalk  and 
recent  Globigerina  ooze,  I  see  no  reason  why  the  conditions  under 
which  the  latter  is  now  being  formed  should  not  be  taken  as  a 
general  index  of  those  under  which  the  former  was  accumulated. 

At  the  same  time  it  must  be  distinctlv  understood  that  we 
are  far  from  making  the  assertion  that  Cretaceous  chalk  was 
originally  a  ( llobigeiina  ooze.  On  this  point  Mr.  Hill  sends  me 
the  following  remarks,  "  T  agree  that  the  chalk  is  largely  a  forami- 
niferal deposit,  and  that  in  this  sense  it  may  Ix*  compared  with  a 
foraniiniferal  ooze,  such  as  that  which  is  known  as  '  Globi- 
g(n*ina  ooze,'  but  I  see  no  evidence  that  our  chalk  has  ever  lx*en 
a  (rlobigerina  ooze  in  the  sense  that  tests  of  Globigerina  were  its 
j)rincipal  organic  constituent."    He  continues,— 

"  If  Glofngeriiui  was  originally  the  dominant  form,  how  is  it 
that  so  few  tests  have  escaped  destruction  as  compared  with 
those  of  other  genera.  In  most  parts  of  the  Upper  Chalk  (7J()ln- 
(jeriiia  is  absolutely  rare,  while  in  the  same  washings  other  genera 
occur  by  the  hundred,  and  though  in  the  Middle  Chalk  GU^n- 
gerina  is  sometimes  fairly  common,  yet  other  forms  are  collectivelv 
more  numerous.  This  seems  inexplicable  on  the  supposition 
that  Glol)igerina  were  originally  the  most  numerous,  for  such 
large  and  strong-tested  forms  surely  had  an  equal  chance  of  es- 
caping disintegration,  and  even  a  better  chance  than  some  of 
the  delicate  forms  which  do  occur. 

"  The  Barbadian  chalk  illustrates  the  force  of  the  argument, 
for  though  it  is  true  that  Globigerinw  are  not  of  more  frequent 
occurrence  in  it  than  in  some  parts  of  the  English  chalk,  they  are 
the  only  Foraminifera  that  are  common  in  the  rock.  Moreover, 
their  thick  shells  and  their  general  resemblance  to  those  of  the 
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m:)Jern  ooze,  as  well  as  the  character  of  the  tine  surrounding 
matrix,  lead  irresistibly  to  the  conclusion  that  we  are  here  dealing 
with  an  ancient  Globigerina  ooze.  I  have  washed  a  sample  of 
the  chalk  from  Codrington  (Barlmdos)  and  find  that  nine-tenths 
of  the  Foraminifera  are  Globigerina,  and  that  in  quantity  there 
are  more  than  treble  the  number  of  all  the  larger  Foraminifera 
that  would  be  obtained  from  the  washing  of  a  piece  of  chalk  taken 
from  the  middle  of  the  Terebratulina  zone. 

'*  With  respect  to  the  possible  solution  of  Globigeriiia,  my  observa- 
tions lead  me  to  think  that  when  a  calcareous  mud  originally  consist- 
ing of  amorphous  material  and  fragments  of  calcareous  organisms 
and  Foraminifera  is  undergoing  a  gradual  change  toward  crj^stal- 
lisation,  the  coarse  particles,  such  as  the  shell-fragments  and  Fora- 
minifera, retain  their  identity  the  longest,  and  that  it  is  only  on  the 
sea-floor  that  Foraminifera  break  up  into  imrecognisable  particles. 
Although  percolating  water  can  and  does  obUterate  the  character 
of  the  minutest  particles,  the  larger  calcareous  objects  retain  their 
shape,  and  even  their  structure,  although  they  may  be  surro\mded 
by  a  greatly  altered  matrix. 

*'  Hence,  though  a  secondary  crystallisation  has  been  set  up  in 
the  Barbados  rocks  and  in  our  o^oi  chalk  after  the  upheaval  of  these 
deposits  into  dry  land,  yet  I  do  not  think  this  has  had  any  destructive 
effect  on  the  Foraminifera.  It  seems  to  me  that  all  those  which 
escaped  destruction  on  the  ocean-floor  have  been  preserved,  and  will 
continue  to  he  preserved,  unless  a  further  and  more  complete 
crystallisation  of  the  whole  rock  should  take  place. 

"  Assuming,  therefore,  as  we  seem  justified  in  doing,  that  in 
Barbados  chalk  we  have  an  ancient  Globigerina  ooze  in  its  massive 
form,  as  distinct  from  the  surface  layer  of  modem  ooze,  and  that 
this  has  advanced  as  far  in  the  process  of  rock-making  as  our  own 
chalk,  it  is  particularly  noteworthy  that  it  still  retains  the  leading 
features  of  a  true  Globigerina  ooze.  Consequentl}',  when  we  find 
that  English  chalk  closely  resembles  the  Barbadian  chalk  in  most 
respects,  but  differs  in  this  particular  of  the  dominant  organic 
constituent,  we  may  reasonably  infer  that  sj)ecies  of  Globigerina  did 
not  swarm  in  the  sea  of  the  European  chalk  as  they  do  in  the  larger 
oceans  of  the  present  day,  and  that  our  chalk  is  not  truly  a 
Globigerina  ooze." 

In  this  connection  we  should  remember  that  even  at  the  pre- 
sent time  there  are  oceanic  areas  where  Globigerina  is  not  the 
dominant  type.  This  is  the  case  in  the  '*  deep-water  cold  area  "  of 
the  northern  part  of  the  North  Atlantic  between  Norway,  Iceland,  » 

and  Greenland,  as  described  by  Professor  G.  0.  Sars.*    Here  the  * 

sea  bed,  at  depths  of  from  500  to  2,000  fathoms,  consists  of  a  soft, 
sticky  mud,  of  which  the  chief  organic  constituent  is  BUoculvna 
ringens.    The  deposit  has  been  called  '*  Bilocvlina  clay,"  but  as  the 

*  See  Challenger  Reports,  Vol.  ix.,  p.  139  (Foraminifera).  ^ 
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mAterial  when  dried  is  said  to  form  a  "  hard,  light-coloured  a,l 
careouii  inaiw,"  it  appears  to  I>e  a  kind  of  caiciim)iiH  txtxe.  A  sample 
from  which  moat  of  the  fine  impaliutble  oozu  hod  been  removeii 
was  examined  by  Dr.  Brady,  who  found  the  componeiita  to  be  ai 
follow,  stated  in  proportion  by  weight  :— 

percent, 
^ilocuiino  rinjenjr  (one-half  Ijeing  entire  shells)      ■         -         -     50 

Haphphragmium   latidorsaittm -20 

Olabigerina   borealit -  -4 

Sftnd  witli  R  few  other  ForaminifeiB    -        .        .         .         -20 
Impalpahle  d^is -       6 

It  is  diHtinctly  stated  that  the  mass  of  this  uiaterial  consists  of  finely 
divided  matter,  and  that  the  Bi/ocufi»wr  do  not  amount  to  mon 
tlian  2  per  cubic  centimetre. 

To  HUui  up,  therefore,  we  lielieve  that  the  white  chalk  oi 
Enj^liind  and  France  is  a  deeiwtea  foraminiferal  depoeit  cwmparabh 
with  JtiltKulina  ooz«  and  with  the  lower  layei-s  of  Globigerinaoow, 
but  not  identical  mth  either.  We  believe  that  the  disinte^n^tion 
of  the  oi^nisins  which  liave  furnished  the  material  of  the  cal- 
careous matrix  was  accompliahed  beneath  the  floor  of  the  Cretaceotiti 
sea,  and  that  several  kinds  of  organisms  have  contributed  to  it« 
formation,  one  predominating  at  one  time  and  one  at  another. 
.\mot^  these,  Sphei'eH  and  shell-fragments  are  frequently  as 
numerous  as  the  tests  of  Foraminifera. 
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CHAPTER  XLVI. 

THE     PHYSICAL    AND    GEOGRAPHICAL    CONDITIONS 
OF    THE    MIDDLE    CHALK    PERIOD. 

Geographical  Conditions. 

Our  conception  of  the  geogr«tphy  of  the  Anglo-GaUic  region 
(luring  the  formation  of  the  Middle  Chalk  must  be  leased  mainly 
on  the  conclusions  at  which  we  have  previously  arrived  respecting 
the  relative  positions  of  sea  and  land  in  the  Ijower  Chalk  or  Ceno- 
manian  period.  Owing  to  suljsequent  detrition  and  denudation 
there  are  very  few  places  in  the  British  Isles  where  the  Middle 
Chalk  shows  any  sign  of  near  approach  to  land.  In  England  there 
are  no  such  places,  and  we  can  only  infer,  from  the  purely  calcar- 
eous character  of  the  chalk  of  which  this  part  of  the  formation 
consists,  that  it  was  formed  during  the  progress  of  a  continued 
subsidence,  whereby  the  area  of  the  neighl)Ouring  lands  was 
still  further  reduced  and  their  coast-lines  were  still  fui-ther 
removed  from  the  central  portions  of  the  sea. 

In  France,  however,  there  are  much  greater  differences  in  the 
lithological  characters  of  the  deposits  which  correspond  with  our 
Middle  Chalk.  Thus  in  the  north-east  of  France  (Nord,  Aisne,  and 
Ardennes)  the  deposits  of  this  age  are  argillaceous  marls  and  marly 
clays,  which  sometimes  contain  as  much  as  70  per  cent,  of  clay, 
and  are  clearly  terrigenous  deposits;  they  attest  the  continued 
existence  of  land  in  the  south  of  Belgium  and  the  country  of  the 
Rhine. 

In  the  central  and  south-eastern  parts  of  the  Paris  basin  the 
beds  present  a  deep-water  chalky  facies  closely  resembhng  that  of 
southern  England,  and  this  facies  extends  as  far  west  as  the  neigh- 
bourhood of  Rouen  and  Fecamp. 

In  the  western  part  of  the  basin,  however,  in  the  departments 
of  Calvados,  Ome,  and  Sarthe,  and  in  the  valley  of  the  Loire,  the 
Lower  Turonian  chalk  passes  into  a  soft  marl  containing  15  or  16 
per  cent,  of  clay,  a  deposit  resembhng  our  **  Chalk  Marl,"  and 
doubtless  formed  under  similar  conditions.  Moreover,  the  higher 
beds  in  the  south-west  (Angoumien)  are  not  chalks  at  all,  but 
siliceous  and  quartzose  limestones,  with  some  calcareous  sandSi* 

The  varying  lithological  aspects  of  the  Turonian  and  Senonian 
deposits  in  France  are  shown  in  a  tabular  view  by  M.  Cayeux 

"^See  Contribution  a  1  ^tude  Micrographique  des  Terrains  S^dimentaires, 
par  L.  Cayeux,  p.  405,  Lille,  1897. 
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(Op.  cit.,  p.  470),  and  for  this  purpose  he  proposes  a  special  classifi- 
cation of  these  sediments.  Some  are  terrigenous  in  the  sense 
indicated  by  Messrs.  Murray  and  Renard,  and  some  are  truly 
pelagic,  but,  as  he  points  out,  there  are  others  which  contain  little 
terrigenous  material,  and  which  jet  cannot  be  called  f>elagic,  such, 
for  instance,  as  beds  which  SLve  largely  composed  of  Bryozoa,  or  of 
the  remains  of  siliceous  sponges ;  for  these  he  proposes  the  term 
"  benthogene,'*  which  might  be  translated  as  benthaL* 

Using  these  terms,  he  tabulates  the  varying  characters  of  the 
Turonian  sediments  of  the  Paris  basin  in  the  following  manner  :— 


Zones. 


M.  brevi^)orus 
Ten  gracilis  - 


Gulf  of  Mons. 


Pelagic 
Pelagic 


In.  labiatus  (  =  Rh.  j  Benthogene 
Cuvieri).  I      terrigene. 


or 


South-west. 


Terrigene 

Terrigene  and 

benthogene. 

Pelagic  or  bentho- 
gene. 


In  England  the  only  Turonian  deposit  which  might  be  called 
benthogene  or  benthal  is  the  Beer  Stone  of  Devon  (see  p.  506). 

If,  then,  there  was  land  to  the  east  and  to  the  west  of  the  I*ari.< 
basin,  and  also,  as  is  most  probable,  to  the  south  over  Central 
France,  in  what  directions  are  we  to  look  for  possible  o|)ening8 
and  for  connections  between  the  Anglo-Parisian  sea  and  the  larger 
seas  or  oceans  of  the  period  ? 

It  is  well  known  that  the  Chalk,  and  especially  the  Middle  and 
Upper  divisions  of  the  formation,  occupy  very  large  areas  in  central 
and  eastern  Eurojx».  There  can  be  no  doubt  that  a  broad  sea 
spread  eastward  at  this  i^eriod  from  England  through  Belgium, 
Holland,  Denmark,  and  Germany  into  Central  and  Southern 
liussia.  There  was  also  another  sea  in  Southern  Europe,  the 
(lejx)sits  of  which  are  found  in  the  Alpine  region,  and  it  is  not 
improbable  that  this  communicated  with  the  more  northern  sea 
round  totli  ends  of  a  Central  European  island.  The  western 
end  of  this  island  and  the  connection  of  these  two  seas  has  been 
shown  in  a  map  drawn  by  Dr.  W  F.  Hume  to  illustrate  his  pajier 
on  the  "  Genesis  of  the  Chalk/*  f  Another  broad  sea-space 
existed  in  the  south  of  France,  which  is  sometimes  termed  the 
Hippurite  Sea  by  French  geologists. 

The  evidence  for  the  communication  between  these  seas  and 
that  of  the  Paris  basin  has  been  discussed  by  M.  Cayeux  in  the 
work  already  quoted  (p.  561 ).  He  considers  it  certain  that  there 
was  a  wide  and  deep  oj^ening  to  the  south  across  the  region   of 


*The  term  benthal  has  been  used  by  Gwyn  Jeffreys  in  a  rather  different 
sense,  for  he  applied  it  to  deep-sea  (pelagic)  deposits.  It  would  be  more 
useful  if  employed  in  the  sense  suggested  by  M.  Cayeux  for  depoeita 
which  are  neither  terrigenous  nor  pelagic. 

t  Proc.  Geol.  Aw(K'.,  Vol.  xiii.  p.  -211  (189-1) 
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the  CJote  d'Or.  He  sayB :  "  The  existence  of  Micrastens  in  flints 
at  several  places  on  the  Morvan  [Ni^vre]  shows  that  the  chalk 
was  deposited  over  at  least  a  part  of  this  region,  and  that  it  has 
been  removed  by  denudation.  But  were  such  testimony  absent 
the  same  inference  might  be  deduced  from  the  great  purity  of  the 
chalk  along  the  south-eastern  border,  for  it  is  in  this  part  of  the 
Paris  basin  that  the  formation  best  maintains  its  character  of 
a  pelagic  deposit.  We  must  admit  the  existence,  not  of  a  mere 
strait,  but  of  a  communication  as  wide  as  the  whole  region  which 
now  separates  the  Vosges  from  Morvan.  Some  patches  of  white 
chalk  have  been  found  at  the  foot  of  the  Chalonnais  slope,  their 
preservation  being  due  to  faults.  .  .  .  White  chalk,  with 
Echinoconus  conicus  and  Micrasters,  has  been  found  near  Lains 
(canton  de  Ix)ns-le-Saulnier,  Jura)  at  a  height  of  520  metres 
(1,700  feet),  and  even  further  south  on  the  line  of  the  Alpine  chain. 
Our  knowledge  of  the  Cretaceous  strata  of  Savoy,  of  Dauphin^, 
of  Haute  Provence,  and  of  the  Alps  affords  abundant  proof  that 
it  was  in  this  direction  that  the  Cretaceous  Sea  was  prolonged, 
and  not  down  the  vallev  of  the  Rhone.*'* 

That  a  communication  existed  between  the  south-eastern  part 
of  the  Paris  basin  and  the  Ac^uitanian  region  is  also  accepted  by 
M.  Cayeux,  who  speaks  of  it  as  the  Strait  of  Poitou,  and  considers 
that  it  was  by  this  passage  that  some  of  the  Rvdistcc  of  the  Hip- 
purite  Sea  gained  access  to  the  more  northern  parts  of  the 
Turonian  Sea  (Op.  cit  p.  599.)  t 

It  is  clear,  therefore,  that  there  is  plenty  of  evidence  for  com- 
munications with  eastern  and  southern  seas ;  it  remains  for  us 
to  consider  the  possibility  of  westward  openings  into  an  Atlantic 
Ocean.  In  the  first  place,  we  have  no  assurance  that  any  such  ocean 
existed  in  the  Cretaceous  period.  Those  who  beUeve  in  the  per- 
manence of  oceans  and  continents  consider,  of  course,  that  there 
was  always  an  Atlantic  Ocean  from  the  earliest  times  to  the  present 
day,  but  this  belief  is  founded  upon  theoretical  conceptions  of 
the  manner  in  which  the  consolidation  of  the  earth  has  been  accom- 
plished, and  is  not  accepted  by  all  geologists.  My  own  belief  is 
that  the  oceanic  depressions  and  the  continental  plateaux  have 
been  gradually  developed  through  a  long  series  of  geographical 
mutations,  J  and  that  their  present  aspect  is  probably  widely 
different  from  that  which  they  presented  in  the  Cretaceous  period. 

Inasmuch  as  the  gi-eater  part  of  Europe  was  unquestionably 
not  continental  land  in  Turonian  and  Senonian  times,  but  was 
the  site  of  a  large  sea  or  small  ocean,  studded  with  islands,  it 


*He  holds  that  Dr.  Hume*s  sketch-map  was  incorrect  in  showing  a  gulf 
running  southward  down  the  valley  of  the  Rhone,  but  I  see  no  reason  why 
there  should  not  have  been  an  opening  southward  into  the  Hippurite  Sea, 
as  well  as  eastward  into  the  Alpine  Sea.  The  land  in  central  France  may 
have  been  an  island. 

tSec  also  de  Gro.^souvre  "Sur  le  Detroit  de  Poitiers/'  in  Comptes- 
ren  dus  de  T Assoc.  Franc,  pour  I'Adv.  des  Sciences,  1901,  p.  398. 

X  See  Building  of  the  British  Isles,  Second  Edition,  Chapter  zvi.  (1882). 
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may  be  argued  that  by  analogy  the  distribution  of  laiid  and  water 
in  the  Atlantic  ai-ea  may  have  been  equally  different  at  that  period. 
This  argument  may,  indeed,  be  carried  still  further,  and  may 
be  used  in  favour  of  a  presumption  that  there  was  both  land  and 
sea  within  the  area  of  the  North  Atlantic.  For  what  we 
know  of  the  range  and  extent  of  the  Chalk  formation  as  a  whoJc? 
in  Euro])e  suggests  that  the  general  trend  of  the  larger  land  and 
sea  areas  was  from  east  to  west,  and  it  is  not  improbable  that  this 
east  and  we^t  ti-end  was  prevalent  at  that  time  throughout  the 
whole  of  the  noiihem  hemisphere.  The  Upper  Cretaceous  Ocean 
mav  have  had  a  wide  extension  across  both  the  Atlantic  and  Euro- 
pean  regions  between  the  parallels  of  30  and  50  degrees  N.  Lat. 
while  the  larger  continental  areas  lay  to  the  north  and  south  of 
these  parallels,  nnd  more  especially  to  the  liorthward. 

I  am,  therefore,  quite  ready  to  admit  that  there  are  theoretical 
grounds  for  tissuniing  the  existence  of  a  large  sea-space  or  ocean 
within  the  area  of  the  North  Atlantic  during  the  Upper  Cretaceous 
period  ;  but  I  see  no  evidence  for  supiKising  that  it  bore  any  resem- 
blance in  shai)e,  direction,  or  depth  to  the  modem  Atlantic. 

Our  present  concern  with  this  possible  Atlantic  sea  is  to  con- 
sider the  prolmble  location  of  the  openings  which  may  have 
connected  it  with  the  European  sea.  The  first  and  most  obvious 
westward  opening  is  that  of  the  Aquitanian  and  PjTenean  region. 
The  present  coast  of  France  cuts  apparently  through  the  veri' 
centre  of  this  basin,  out  of  which  the  Atlantic  has  eaten  the  great 
bav  which  we  call  the  Bav  of  Biscav,  and  the  French  temi  the 
Gulf  of  Gjiscx)ny.  It  is  necessary,  however,  to  point  out  that 
the  Turonian  deposits  in  the  south  of  France  do  not  present  a 
dee^3  water  facies  like  that  of  the  Paris  basin  ;  they  consist  chiefly 
of  maris  or  shelly  or  sulnjolitic  limestones,  with  some  sandv  beds. 
and  the  most  conspicuous  fosvsils  in  the  calcareous  beds  are  the 
thick-shelled  Hipjmrites  and  other  meml)ers  of  the  Kudistean 
family.  Thus,  unless  there  was  good  evidence  to  the  contrary, 
we  might  imagine  that  the  Turonian  sea  of  the  Aquitanian  period 
was  a  (lejx»ndence  of  the  M(Hliterranoan,  and  not  of  the  Atlantic, 
Ijeing  only  a  gulf  or  embay nient  on  the  border  of  the  western 
Continent. 

French  geologists,  however,  have  always  believed  that  this 
Aquitanian  sea  opened  westward  into  an  Atlantic  Ocean,  and  M. 
Ph.  Glangeaud,  of  Clermont-Ferrand,  has  been  kind  enough  to 
acquaint  me  with  some  of  the  facts  on  which  this  belief  is  based. 
It  aj^pears  that  in  the  northern  part  of  the  basin  (the  Charentea 
and  l)onl();rne)  the  lower  part  of  the  Turonian  consists  every- 
where of  niarlv  HniestonHS  with  Ammonites,  and  it  is  inferreil 
that  the  water  wjus  fairly  deep  and  that  there  was  o|K»n  communi- 
cation with  the  northern  sea  through  the  straits  of  Poitou.  Tlie 
higher  part  of  the  Turonian  exhibits  more  ditVerentiation,  and  in 
Dordogne,  south  of  Perigueux,  there  are  detrital  dej)asits  of  this 
age,  while  to  the  north-west  limestones  with  Rudistce  were  being 
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formed.  Again  in  the  southern  part  of  the  basin  there  are  lime- 
stones with  Am/numites  at  Roquefort  in  the  west,  while  in  the 
Corbiferes,  on  the  east,  there  are  sandstones  both  at  the  base  and 
the  top  of  the  formation,  with  Rudistean  limestones  in  the  middle. 
M.  Glangeaud  is  therefore  of  opinion  that  there  was  a  deep  and 
open  sea  to  the  westward,  and  that  at  the  close  of  the  Turonian 
age  the  openings  botli  into  the  northern  and  the  Mediterranean 
seas  were  narrow  and  shallow. 

Passing  now  to  the  northward,  there  is  in  the  first  place  every 
reason  to  believe  that  Brittany  was  united  to  Cornwall  in  Turonian 
time,  as  it  was  in  the  Cenomanian,  and  that  no  westward  opening 
existed  along  the  line  of  tli«*  English  Channel  at  any  epoch  of  Cre- 
taceous time.  I  argued  for  this  view  in  1892,*  and  am  pleased 
to  find  that  M.  Cayeux  is  of  the  same  opinion.  He  remarks 
(Op.  cit.,  p.  560) :— "  I  do  not  know  of  any  fact  which  would  favour 
the  existence  of  a  strait  connecting  the  Anglo-Parisian  sea  with 
the  ocean  on  the  site  of  the  English  Channel ;  on  the  contrary, 
I  see  several  objections  to  such  a  view."  He  mentions  the  rapid 
thinning  of  the  Turonian  series  westward  from  Fecamp,  but  does 
not  refer  to  a  fact  which  seems  still  more  conclusive,  namely,  the 
small  Cretaceous  outlier  in  the  Cotentin,  where  chalky  limestoin*, 
with  Senonian  fossils,  rests  upon  sands  which  are  generally  sup- 
posed to  be  of  Cenomanian  age,  but  might  possibly  be  Lower 
Turonian ;  in  either  case  there  is  a  complete  absence  of  any 
Turonian  chalk. 

Coming  now  to  England,  we  find  in  Devonshire  evidence  that 
at  the  b%inning  of  Turonian  time  the  coast-lino  was  still  not 
far  distant  and  that  the  water  was  not  very  deep.  The  Beer 
stone  is  not  a  chalk  but  a  shell-sand,  and  its  residiie  contains  a 
variety  of  minerals  which  have  clearly  been  derived  from  land 
consisting  of  Granite  and  Palseozoic  rocks  such  as  occur  in 
South  Devon  and  Cornwall.  It  is  equally  clear,  however,  that 
a  considerable  subsidence  ensued,  for  not  only  does  the  chalk 
of  the  Terebratulina  zone  in  Devon  resemble  that  of  more  eastern 
counties,  but  it  is  actually  thicker  than  in  Dorset  or  Wiltshire. 
Such  a  thickness  of  pure  chalk  (90  to  100  ft.)  seems  to  indicate 
that  the  depth  of  water  had  increased  and  that  the  shore-line  had 
receded  to  some  extent. 

We  are  therefore  at  liberty  to  speculate  upon  the  possibilitv 
of  the  western  land  being  so  lowered  and  broken  up  that,  if 
there  was  an  Atlantic  sea  beyond,  a  communication  with  it 
may  have  been  opened  up  across  the  north  of  Devon  and  across 
the  Irish  Sea.  At  the  same  time,  it  must  be  admitted  that  such 
an  idea  must  remain  a  pure  speculation ;  there  is  no  positive 
evidence  for  it — merely  the  fact  that  in  East  Devonshire  we  find 
no  trace  of  a  shore  Ime  for  the  Turonian  Sea.  Moreover,  the 
land  may  have  risen  steeply  from  the  sea,  and  the  subsidence 

*  The  Qeographical  Evolution  of  the  English  Channel,  Contemporary 
Beviewr,  Vol.  Ixi.  p.  855  (1891). 
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may  have  greatly  lessened  its  height  without  much  diminishing 
its  area;  Qonsequently,  in  constructing  the  hypothetical  map 
(Fig.  87),  I  have  assumed  that  the  yrestem  land  was  not  very 
difi^rent  from  what  it  had  been  in  Cenomanian  time. 

Farther  northward,  however,  in  the  north-east  of  Ireland^  we 
have  positive  evidence  of  the  shallowing  of  the  British  Turonian  sea 
toward  the  west.  It  is  uncertain  how  much  of  the  Irish  Cretaceous 
series  corresponds  with  the  Middle  Chalk  of  England,  and  it  may 
iiulettd  \ye  doubted  whether  any  of  it  does.  Between  ths  beds 
which  are  undoubtedly  of  upper  Chalk  age  (containing  Echino- 
corys  gibbus)  and  those  which  are  certainly  Cenomanian  there 
is  a  great  break  and  plane  of  erosion  throughout  Antrim.  There 
is  nothing  which  can  be  compared  with  the  English  zone  of  Rliyn- 
chondla  Cuvieri,  but  Professor  Barrois*  thought  that  a  certain 
group  of  glauconitic  sands  and  sandstone  containing  Exogyra 
columba  was  the  equivalent  of  the  zones  of  Terebratvlvna  gracilis 
and  Holaster  planus.  Dr.  W.  F.  Hume,t  however,  is  doubtful  about 
this  correlation,  and  appears  to  think  that  in  most  of  the  sections 
there  is  a  great  break  between  the  Cenomanian  and  the  Senonian 
(Upper  Chalk),  and  that  there  is  very  little  which  can  possibly 
represent  the  zones  of  Kk.  Cwrieri,  Ter.  gracUis,  or  Hoi.  pla/wus. 
He  admits,  however,  that  the  highest  part  of  the  Exogyra  columba 
sands  may  belong  to  the  Middle  Chalk,  and  that  the  Irwcerarwas 
beds  may  be  partly  equivalent  to  the  Clialk  Bock. 

It  is  clear,  therefore,  that  if  any  Turonian  exists  in  Antrim,  it 
has  the  character  o^  a  glauconite  sand,  and  that  the  base  of  the 
Upper  Chalk  is  also  a  sandstone  or  sandy  limestone  ;  hence  there 
can  be  no  doubt  that  the  Turonian  sea  was  there  decidedly  shallow, 
that  land  was  not  far  off,  and  that  strong  currents  prevented  the 
deposition  of  much  sediment  in  that  area  throughout  the  whole 
epoch  of  the  Middle  Chalk. 

Both  Professor  Barrois  and  M.  Cayeux  have  regarded  the  Cre- 
taceous deposits  of  Ireland  and  Western  Scotland  as  having  been 
formed  in  a  gulf  which  opened  out  of  the  British  sea,  but  had  no 
connection  with  the  Atlantic  Ocean.  M.  Cayeux,  however,  sug- 
gests that  the  main  communication  between  the  Cretaceous  North 
Sea  and  the  Atlantic  was  round  the  northern  extremity  of  the 
British  Isles.  It  is  true  that  the  large  quantity  of  flints  occurring 
in  the  surface  deposits  of  eastern  Scotland  proves  that  the  Creta- 
ceous sea  extended  for  a  considerable  distance  to  the  northward, 
but  this  is  hardly  sufficient  evidence  on  which  to  base  such  a  theory. 
It  is  a  possible  view,  and  that  is  all  that  can  be  said  for  it. 

In  conclusion,  I  would  point  out  that  the  evidence  in  favour 
of  free  and  open  communication  between  the  Anglo-Parisian  Sea 
and  the  more  eastern  seas  existing  in  Turonian  time  is  very  strong, 
while  the  only  direction  in  which  there  is  any  good  reason  for 

*  Recherches  sur  le  Terrain  cr^tac^  de  I'Angleterre  et  de  risland^  p.  214. 
t  Quart.  Journ.  Geol.  Soc.,  VoL  liii.  pp.  591  and  598. 
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Buppofling  a  direct  communication  between  this  sea  and  a  western 
ocean  is  through  Poitou  and  the  Charentes,  towaid  the  region  of 
the  central  Atlantic.  This  view  is  represented  in  the  sketch-map 
(Fig.  86),   So  far  as  we  can  see,  the  geography  of  the  western  land 


Fig.  87.— Hypothetical  restoration  of  the  Geography  of  the  British  and 
French  regions  during  the  age  of  the  Middle  Chfdk  (Turonian).  The 
barred  spaces  represent  land. 
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during  the  formation  of  our  Middle  Chalk  was  not  very  different 
from  that  which  existed  during  the  time  of  the  Lower  Chalk. 
This  may  be  accounted  for  in  two  ways :  either  the  movement 
of  subsidence  was  much  less  in  the  Atlantic  region  than  in  the 
European,  or,  if  the  subsidence  was  of  nearly  equal  amount  in 
both  regions,  the  western  land  was  so  much  liigher  and  steeper 
that  only  small  parts  of  it  were  actually  submerged  by  a  depression 
which  carried  the  sea  over  large  parts  of  the  European  land. 


Evidence  of  Current-Action. 

The  Middle  Chalk  nearly  everywhere  presents  clear  indications 
of  the  action  of  strong  currents,  and  not  only  of  surface  currents, 
but  also  at  one  time  of  currents  that  swept  over  the  floor  of  the 
sea.  Some  alteration  in  the  strength  and  direction  of  the 
marine  currents  may  verj'  probably  have  been  produced  by  the 
o|)ening  or  deepening  of  the  straits  of  Poitou,  between  Brittany 
and  the  Plateau  of  Central  France,  which  thus  probably  became 
an  island. 

The  evidence  for  the  bottom  current  above  mentioned  is  found 
in  the  nodular  character  of  the  Melboum  Eock,  and  in  the  nodular 
structure  of  nearly  the  whole  of  the  Middle  Chalk  in  South  and 
West  Dorset.  In  Lincolnshire  also  the  whole  zone  of  Rhynchonella 
Cuvieri  is  of  a  nature  that  suggests  the  action  of  a  strong  current, 
for  it  is  condensed  into  a  small  thickness,  consists  of  rough  shelly 
and  nodular  chalk,  and  terminates  in  a  layer  of  shaly  marl,  whicli 
marks  it  off  sharply  from  the  pure  white,  fine-grained  chalk  of 
the  overlying  zone. 

All  who  have  discussed  the  nodular  structure  of  these  beds 
agree  in  regarding  it  as  due  to  slow  accumulation  under  the  in- 
fluence of  a  strong  current.  Thus,  describing  the  Melbourn  llock 
in  1886,  Mr.  Hill  and  I  wrote  as  follows  :  — *'  It  may  also  be  noticed 
that  the  atoms  of  shell  are  sometimes  arranged  round  the  nodule 
in  a  manner  which  suggests  either  the  gradual  linking  of  tho 
nodule  into  the  soft  mud,  or  that  the  atoms  of  shell  were  deHected 
from  tlieir  course  by  the  nodule,  while  travelling  over  the  aea-ljed 
under  the  action  of  a  current."* 

Dr.  W.  F.  Hume,  writing  in  1804,  explained  the  nodular  con- 
dition of  the  Rhynchonella  Cwvieri  zone  as  *'  directly  due  to  the 
currents  set  up  by  the  sudden  alteration  in  physical  conditions/* 
and  inferred  that  **  most  chalkv  nodular  beds  are  thus  formed, 
whether  under  the  influence  of  elevation  or  depression. ''f 


*  Quart.  Jourii.  (Teol.  Soc.,  \'ol.  xlii.,  p.  230 
t  ftoc.  Geol.  Assoc.,  Vol.  xiii.,  p.  230. 
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In  a  still  more  recent  volume*  M.  L.  Cayeux,  though  not  in- 
clined to  regard  such  nodular  structure  in  chalk  as  ^ways  the 
result  of  contemporaneous  current-action,  remarks  that  "  the 
nodular  structure  of  the  Inoceramus  labiatus  zone  is  that  which 
has  the  greatest  resemblance  to  tlie  conglomerate  of  Station  196 
(Challenger  Expedition).  The  study  of  this  chalk  has  led  me  to 
the  conclusion  that  its  peculiar  texture  cannot  be  explained  without 
admitting  a  strong  dynamic  action  operating  on  the  sea-floor  at 
the  very  time  of  its  accumulation." 

The  conglomerate  referred  to  by  M.  Cayeux  is  described  on 
pp.  99  and  171  of  the  CJiallenijer  Report  on  Deep  Sea  Deposits. 
It  was  found  on  hard  ground  at  a  depth  of  825  fathoms,  the  trawl 
bringing  up  large  *'  irregular  fragments  of  a  honeycombed  con- 
glomerate, overgrown  with  Serpula,  Polyzoa,  and  Sponges.  .  . 
The  sections  showed  that  the  conglomerate  was  composed  of  Fora- 
minifera  and  calcareous  Algae,  cemented  together  into  a  hard 
crystalline  limestone.*'  Although,  as  Sir  J.  Murray  obsei-ves, 
'*  this  rock  would  seem  to  have  been  formed  in  compai-atively 
shallow  water  near  land ;"  the  occurrence  is  important,  as  indicat- 
ing a  hard,  bare,  current-swept  floor  at  a  depth  of  825  fathoms. 

At  another  locality,  moreover,  the  Challenger  seems  to  have 
found  a  really  nodular  and  indurated  Globigerina  ooze.  This 
was  at  Station  192a,  ofif  the  Ke  Islands,  west  of  New  Guinea. 
Here  the  bottom  at  140  fathoms  was  blue  mud,  but  from  129 
fathoms  the  trawl  brought  up  many  rounded  nodules  of  very 
hard,  calcareous  rock,  consisting  entirely  of  the  shells  of  Globigerina , 
Ptdvinulina,  and  Orbvlina,  in  a  calcareous  matrix,  and  containing 
79*56  per  cent,  of  carbonate  of  lime.  It  is  suggested  that  these 
concretions  "  are  hardened  portions  of  a  deep-sea  deposit,  formed 
at  a  much  greater  depth,  and  subsequently  elevated  into  the  posi- 
tion in  which  they  are  now  found."    (Op.  cit.,  p.  171.) 

The  occurrence  of  "  rounded,  compact  chalky  nodules  appar- 
ently formed  of  the  deposit  "  is  recorded  at  Station  44,  the  deposit 
being  described  as  "  blue  mud  ''  with  24  Gl  per  cent,  of  calcium 
carbonate,  depth  1.700  fathoms.  Again,  at  Station  191a,  near 
the  Arron  Islands,  at  a  depth  of  580  fathoms  the  green  mud,  with 
40  per  cent,  of  calcium  carbonate,  contained  "  some  concretions  of 
Globigerina  ooze  cemented  into  a  fine,  almost  opaque  paste  of 
carbonate  of  lime.''  (Op.  cit.,  p.  95).  A  chalky  Pteropod  ooze 
containing  "  hard  chalky  concretions ''  was  found  by  the  American 
Blake  Expedition''  near  Cuba  in  860  fathoms. 

Hard  ground,  presumably  swept  clear  of  deposit  by  bottom 
currents,  was  found  at  various  depths  by  the  Challenger  Expe- 
dition, as,  for  instance,  between  325  and  950  fathoms  off  the  Spanish 


♦Contribution  k  I'^tude  Micrographique  des  Terrains  S^imentaires, 
p.  557  (1897). 
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coast ;  off  Tristan  d'Acunha,  at  depths  of  550,  1,000,  and  1,100 
fathoms ;  and  in  the  Molucca  passage  as  above  stated.  Mr. 
Stallibrass  has  recorded  the  existence  of  strong  currents  between 
the  Canary  Islands  at  a  depth  of  1,000  fathoms.* 

Returning  to  the  current  phenomena  of  the  Middle  Chalk, 
the  existence  of  surface  currents  is  indicated  by  the  occasional 
occurrence  of  drift  wood,  and  of  transported  stones  and  blocks 
of  rock,  and,  so  far,  these  have  occurred  chiefly  in  the  south- 
eastern counties.  The  layers  of  grey  marl  and  marly  clay  again, 
which  occur  as  thin  seams  between  the  thick  beds  of  pure  chalk, 
are  additional  evidences.  I  think  both  these  phenomena  may 
be  attributed  to  seasons  of  heavy  rainfall,  producing  periodic 
land  floods,  whereby  an  unusual  quantity  of  fine  muddy  detritus 
and  soil  was  poured  into  the  sea  from  off  the  neighbouring  lands, 
and  was  carried  to  great  distances  by  the  surface  currents. 

There  is  another  peculiarity  of  the  Middle  Chalk  which  may 
possibly  have  a  direct  relation  to  currents,  either  at  the  surface 
or  along  the  bottom.  This  is  the  abundance  of  fish  remains, 
and  here,  again,  we  find  such  remains  especially  frequent  in  the 
south-eastern  counties.  Dr.  Hume  was,  I  believe,  the  first  to 
suggest  a  connection  between  currents  and  fish  remains.  Writing 
of  the  Lewes  and  Brighton  district,  he  remarks,  "  a  further  point 
to  note  is  the  abundant  fish  fauna  of  this  district.  Whv  is  this  ? 
The  answer,  perhaps,  is  not  far  to  seek.  The  current  will  evi- 
dently carry  along  with  it  large  amounts  of  [food]  material  derived 
from  the  littoral  area,  and  far  more  suitable  to  a  piscine  palate 
than  the  usual  minute  pelagic  fauna  of  an  oceanic  region. 
The  result  would  be  that  comparatively  shallow  water  Teleostean 
fishes,  such  as  BeryXf  would  have  their  range  greatly  extended 
seawards,  while  the  rich  increase  in  food  material  would  tend 
to  bring  together  large  numbers  of  predatory  fishes,  especially 
sharks  such  as  Lamma.'* 


Bathymetrical  Conditions. 

Coming  now  to  the  consideration  of  the  depth  of  water  below 
which  our  Middle  Chalk  may  have  been  accumulated,  we  must 
bear  in  mind  the  inferences  already  indicated  under  the  head  of 
geogi-aphical  conditions,  and  must  remember  that  there  were 
tracts  of  land  both  to  the  west  and  the  east,  as  well  as  to  the 
south,  of  the  Anglo-Gallic  sea.  Consequently,  this  sea  was  not 
an  open  ocean,  and  no  part  of  the  Middle  Chalk  is  likely  to  have 
/  been  deposited  in  very  deep  water  nor  very  far  from  land.     By 


*  Jouru.  See.  Tel.  Eng.,  1887, 
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this  I  mean  that  the  water  is  not  likely  to  have  been  anywhere 
over  1,000  fathoms  in  depth,  and  that  the  central  part  of  the  sea 
was  not  more  than  200  or  250  miles  from  the  nearest  land. 


At  the  same  time,  the  pmity  of  the  chalk  of  this  stage  is  very 
great,  and  the  seams  of  marl  which  do  occur  are  very  thin ; 
whence  we  must  infer  that  very  httle  terrigenous  material  was, 
as  a  rule,  can-ied  into  the  Turonian  Sea.  This  purity  of  the  deposit 
may  have  been  due  to  several  causes.  We  know  that  the  region 
was  undergoing  subsidence,  a  process  which  checks  detrition 
and  leads  to  the  drowning  of  river  valleys,  and  their  conversion 
into  fiords  or  lochs,  with  the  consequence  that  le^  sediment  is 
carried  into  the  open  sea.  Again,  the  nearest  tracts  of  land  apj)ear 
to  have  been  of  the  nature  of  islands  or  of  promontories,  and, 
consequently,  were  not  likely  to  produce  any  large  rivers.  Jjastly, 
though  there  seems  to  have  been  a  large  area  of  land  to  the  west 
of  Great  Britain,  it  is  quite  i)08sible  that  the  main  drainage  of  this 
land  was  directed  westward  or  southward,  so  that  no  miid-lx»aring 
rivers  emptied  thenrLselves  through  its  eastern  shores. 


It  Ls  fairlv  certain  also  that  the  area  in  which  the  Middle  Chalk 
of  England  was  accumulated  was  part  of  the  deeper  and  more 
central  portion  of  the  Anglo-Parisian  sea ;  but  the  attempt  to 
form  some  idea  of  the  actual  depth  of  this  part  of  the  sea  is  l)eset 
with  difficulties.  It  is  fairly  safe  to  say  that  it  was  deeper  than 
it  had  ever  been  during  the  epoch  of  the  Lower  Chalk,  but  a  sub- 
sidence of  100  feet  may  have  been  sufficient  to  submerge  much 
land  and  ensure  the  formation  of  a  purer  kind  of  deposit,  and 
100  feet  is  less  than  17  fathoms. 


In  attacking  this  problem  we  can,  of  course,  only  argue  by 
analogy,  and  cannot  hope  to  find  any  certain  criterion.  As  in 
other  cases,  there  are  two  sets  of  facts,  which  provide  us  with  a 
certain  amount  of  evidence— (1)  microscopical  inquiry  into  the 
relative  quantities  and  dimensions  of  the  detrital  minerals  found 
in  the  chalk  and  the  ooze ;  (2)  the  included  organisms  and  the 
analogies  which  they  suggest. 

Mr.  Hill  has  dealt  with  the  mineral  particles  which  exist  in 
this  part  of  the  Chalk  in  Chapter  xliii.,  to  which  the  reader  is 
referred,  but  attention  may  here  be  directed  to  certain  points. 
First  it  is  noteworthy  that  the  total  amount  of  extraneous  mineral 
matter  in  these  chalks  is  exceedingly  small  (see  tables  on  pp.  513 
and  519),  and,  of  course,  the  quantity  of  recognisable  mineral 
particles  is  still  smaller.  Thus,  in  no  specimen  of  the  Rhynchondla 
Cuvieri  zone  (including  the  Melboum  Bock)  does  the  entire  '^  coarse 
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residue"  exceed  00  i)er  cent.,  exce])t  in  the  Beer  Stone  and  at 
Hitchin,  where  the  samples  contain  silicitied  shell-fragments.  I 
In  the  Terebratvlina  zone  the  coarse  residues  examined  by  him 
average  about  *  013  per  cent.,  except  where  a  sample  happens  to 
include  a  lump  of  iron-oxide,  as  in  that  from  Hessle  (Yorkshire). 
The  average  percentages  of  fine  insoluble  residue  for  these  zones 
are  :— 

In  zone  of  Rh.  Cwcieri,  "02  per  cent.  ' 

In  the  Terebratvlvna  zone,  '013  per  cent. 

Of  the  deposits  explored  by  the  Challenger  Expedition  and 
described  by  Sir  J.  Murray  those  which  come  nearest  to  such  chalk 
are  the  Pteropod  and  Globigerina  oozes  between  Tristan  da  Cunha 
and  Ascension  Island  in  the  South  Atlantic ;  these  came  from 
depths  of  between  1,415  and  2,025  fathoms,  and  the  proportion 
of  mineral  debris  was  in  no  case  more  than  1  per  cent.  Elimi- 
nating two  cases  in  which  the  quantity  of  deposit  obtained  was 
too  small  for  reliable  results,  the  remaining  seven  furnish  the 
following  average  composition :— 


Proportion  of 

Calcareous 

Matter. 

Proportion 

of  Mineral 

Particles. 

Average  size 

of  Mineral 

Particles. 

Proportion  of 

Fine 

Washings. 

92-66 

0-93 

0-06 

5-42 

The  proportion  of  fine  washings  varied  from  2  to  12  per  cent., 
but  generally  included  debris  of  siliceous  organisms  which,  being 
soluble,  would  be  eliminated  from  the  rock  mass  when  the  deposit 
was  raised  above  the  sea  level.  Consequently  if  this  ooze  were 
ever  to  become  consolidated  as  a  terrestrial  rock,  the  proportion  of 
chalky  matter  would  be  raised  to  96  or  97  per  cent. 

The  quantity  of  included  mineral  particles  varies  in  different 
places  and  is  naturally  great  in  the  neighbourhood  of  active  vol- 
canoes or  where  the  prevalent  winds  blow  off  tracts  of  sandy 
desert.  In  most  of  the  other  Pteropod  oozes  the  proportion  of 
mineral  particles  was  only  1  or  2  per  cent.,  but  the  tine  washings 
average  19  per  cent.  It  is  interesting  to  note  the  entire  absence 
from  the  chalk  of  particles  of  volcanic  ejectamenta,  and  we  may 
safely  infer  that  there  were  no  volcanoes  on  the  land  areas  adja* 
cent  to  the  Anglo-Parisian  Sea. 

With  regard  to  the  size  of  the  mineral  particles  in  the  Middle 
Chalk,  Mr.  Hill  finds  that  in  ten  samples  of  the  Bh.  Cuvieri  zone 
the  average  size  is  only  '  13  nun.  though  occasional  fragments  as 
large  as  '4  or  '5  nun.  occur.  In  the  Terd)ratuLiva  zone  they 
seldom  exceed  •  3  mm.,  and  the  average  size  is  only  •  09  nun. 
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In  oceanic  deposits  the  dimensions  of  such  particles  are  also 
variable,  and  the  range  of  size  is  not  very  different  from  the  above. 
The  following  particulars  are  taken  from  those  given  in  the  Report 
on  Deep  Sea  Deposits  :— 


Mineral  Particles  in 


Olobigerina  oozes 
Pteropod  oozes    - 
Green  muds 
Coral  muds 
Blue  muds 


Kange  of  size.    { 

Average  size. 

1 

mm. 

mm. 

•06  to   -8       ; 

•089 

•06  to   •!       1 

•08 

•06  to    •S 

•13 

.       very  small 

•07 

i        -06  to   -3 

1 

•115 

It  would  seem,  therefore,  that  no  reference  as  to  depth  can 
be  drawn  from  a  consideration  of  the  mineral  particles  found 
in  the  Middle  Chalk.  The  only  inference's  deducible  are  that 
it  was  formed  in  clear  water  of  some  depth  at  a  considerable  dis- 
tance from  land  and  in  a  region  where  there  were  no  volcanoes. 

TiCt  us  now  see  if  the  organic  contents  of  this  division  can  give 
us  more  definite  indications.  In  the  first  place,  we  must  ix)int 
out  that  the  fauna  is  rather  a  small  one,  and  that  for  some  reason 
or  other  the  conditions  were  not  at  this  time  very  favourable 
to  animal  life,  but  this  very  scarcity  of  fossils  may  in  itself  be  signi- 
ficant. We  will  refer  to  the  different  classes  of  animals  separately. 

Fish.— Little  can  be  learned  from  the  remains  of  fish  ;  the 
commonest  are  those  of  sharks,  which  range  all  over  the  oceans, 
and  are  found  in  all  kinds  of  deposits.  Even  Teleosteans,  like 
the  flat-fish  which  live  on  the  bottom,  have  a  great  range  in  depth, 
some  species  being  found  below  1,000  fathoms,  but  Dr.  Smith- 
Woodward  remarks  that  "the  Teleostean  fish  of  the  Chalk  do 
not  ap[)ear  to  have  lived  in  very  deep  water,  for  the  skeleton  is 
always  more  robust  than  that  of  the  true  deep-water  tish."*  A 
possible  explanation  of  the  presence  of  such  fish  in  the  Middle 
Chalk  has,  however,  been  suggested  by  Dr.  Hume,  that  they 
followed  food  carried  out  by  a  current  setting  from  the  shore.f 


Mollusoa.^ — ^The  Molluscan  fauna  is  noteworthy  because  it 
consists  almost  entirely  of  Brackiopoda,  Lamellibranchiata  and 


*  Quoted  by  Cayeux  in  Contributioa  k  T^tude  Micrographique,  p.  500. 
t  Proc.  Qeol.  Aswc.,  vol.  xiii.,  p.  233. 


554  THE    CROTACEOUS  ROCKS  OF  BRITAIN. 

a  few  CejJialopoda.  Of  Gusteropoda  only  two  or  three  genera  hare 
been  found,  and  of  these  only  Solariella  and  Pleurotomaria  are 
widely  distributed. 

The  rarity  of  Gasteropoda  might  seem  to  indicate  that  the  water 
was  fairly  deep,  for  at  the  present  day  they  are  most  abundant 
in  shallow  water,  and  in  depths  of  less  than  500  fathoms ;  still 
there  are  many  genera,  such  as  Buccinum,  Fusus,  Trophon, 
Scalaria,  Chemnitzia,  GerithiopsiSy  NaticCy  SolaHum,-  Turbo, 
Trochvs,a.nd  Emarginiday  which  range  below  1,000  fathoms,  and 
a  few  even  below  2,000  fathoms.  Most  of  these  certainly  existed  in 
the  Cretaceous  period,  since  they  occur  in  the  Gault,  and  we 
cannot  account  for  their  absence  in  Middle  Chalk  by  supposing 
that  they  have  been  destroyed  since  its  upheaval,  for  in  that  case 
their  casts  would  remain  as  they  do  in  the  Tiower  Chalk  and  in 
the  Chalk  Rock. 

The  absence  of  the  phytophagous  gencni  could  hardly  be  due 
to  the  want  of  vegetable  food  on  which  to  support  existence, 
because  modem  deep  sea  species  are  supposed  to  feed  on  the 
pelag|ic  atee,  which  mil  from  the  surface  waters,  and  on  the  plant 
remains  wiich  are  floated  out  from  the  land  by  currents.  There 
is  no  reason  to  suppose  that  either  of  these  sources  of  food  was 
wanting  in  the  waters  of  the  Middle  Chalk. 

The  few  casts  that  do  occur  show  that  (Jasteropods  did  exist, 
and  we  can  only  suppose  that  the  shells  were  easily  destroyed  by 
solvents,  and  that  most  of  such  as  existed  were  disintegrated 
during  the  formation  of  the  chalk,  just  as  Pteropod  and  Hetero- 
pod  shells  are  disintegrated  now  at  depths  of  more  than  1,000 
fathoms. 

Of  Lamdlibrandis,  the  commonest  belong  to  the  genera  Osirea, 
NeUhea,  Spondylus,  and  IrwceraTwas.  The  last  is  extinct,  and 
in  modern  seas  the  two  first  do  not  range  beyond  300  fathoms, 
but  Spondylus  goes  to  640.  There  is  again  a  remarkable  absence 
of  those  genera  which  are  now  characteristic  of  greater  depths, 
but  it  is  possible  that  such  shells  were  actually  present  on  the 
sea-floor  while  the  material  of  the  Middle  Clialk  was  in  process 
of  formation,  and  that  they  were  so  thin  and  perishable  that  they 
soon  fell  to  pieces  and  went  to  increase  tbe  bulk  of  the  chalky 
mud  itself. 

Brachiopoda  are  as  a  rule  the  com^nonest  fossils  in  the 
Middle  Chalk,  Rhynchondla  Cumeriand  Terebratulina  lata  being 
often  present  in  large  numbers,  and  as  the>'  belong  to  iyyes  v^•hicll 
have  not  undergone  much  change,  their  value  foi*  comparison  with 
modern  species  is  greater.    The  principal  genera  are  Rhyndwnelloy 
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Terelyratula,  Terehratvlina  and  Crania,  Of  these  the  first  two 
now  range  down  to  2,000  fathoms,  but  are  most  abundant  beyond 
500  fathoms.  Of  Terebratvlince,  T.  cuput'SerpentiSy  which  so 
closely  resembles  the  Cretaceous  species  T,  striata,  ranges  from 
0  to  1,180  fathoms,  and  T,  Cailleti  (which  may  be  compared 
with  T,  lata)  ranges  to  nearly  500  fathoms.  Crania  is  foimd 
in  all  depths  between  0  and  1,500  fathoms. 

M.  CEhlert  remarks  that  of  tliose  which  range  beyond  500  metres 
(270  fathoms)  the  greater  number  are  found  between  the  depths 
of  500  and  1,500  metres  (270  to  820  fathoms)  ;  these  include 
six  species  of  Terebratvlvaa,  six  of  Terebratula  and  Magellania, 
three  of  Megerlia,  two  of  Rhynchanella ^  and  one  of  Crania,^ 
This  would  indicate  an  average  depth  of  540  fathoms  for  the 
Brackiopods  of  the  Middle  Chalk. 

Bryozoa. — llemains  of  these  creatures  are  rarer  in  the  Middle 
Chalk  than  in  any  other  part  of  the  formation.  There  are  a  few 
encrusting  forms,  and  Horrueoaolen  occurs  sometimes  in  the 
zone  of  Terebrdtulvna  but  other  arborescent  forms  are  very  rarely 
found.  At  the  present  day  these  arborescent  forms  are  decidedly 
most  abundant  in  comparatively  shallow  water  (50  to  150  fathoms). 
Some  species,  however,  of  both  orders  range  down  to  500  fathoms, 
and  a  few  as  far  as  1,000.  The  rarity  of  Bryozoa  in  this 
part  of  the  Chalk  is  consequently  very  suggestive  of  a  greater 
depth   than  500   fathoms. 

Crustacea. — ^These  are  very  rare  fossils  in  the  Middle  Chalk, 
and  as  at  the  present  day  the  Decapods  range  down  to  great  depths, 
some  Bra^yura  to  800  fathoms,  and  some  Macrura  to  1,500 
fathoms  and  more,  there  must  have  been  some  special  conditions 
that  were  unfavourable  to  Crustacean  life.  Possibly  there  was 
a  deficiency  of  the  right  kind  of  food. 

Echinodermata. — Ediinoidea  are  fairly  common  fossils  in 
the  Middle  Chalk,  but  only  three  of  the  genera  survive  to  the 
present  day— namely  Ciriaris,  SaLeniay  and  Hemiaster.  Of  these 
Cidaris  (proper)  does  not  range  beyond  200  fathoms,  but  as 
Darocidaris  it  extends  to  870,  Salenia,  ranges  to  1,800  and 
Hemiaster  to  800  fathoms.  Of  Micrasters  there  are  two  species 
in  these  beds,  and  the  commonest  is  M.  corbovis,  a  form  which, 
as  Dr.  Gregory  has  pointed  out  to  me,  in  its  thin  test  and 
shallow-petalled  ambulacra  presents  the  aspect  of  a  deeper  sea 
species  when  contrasted  with  the  forms  in  the  lower  zones  of 
the  Upper  Chalk.    Galerites  is  closely  allied  to  the  modern  deep 


In  Fischer's  Manuel  de  Conchyhologie,  p.  1252. 
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COMPARATIVE  TABLES  OF  THE  LOWER  AND 


^ 


ZONES. 


Terebratulina 
zone. 


Q 
Q 

jg     '    Rhynchonella    | 

1         Cuvieri. 


Tlijckness- 


SOUTH-M  FST  AREA 
(DOBSET). 


Nodular  chalk  with  a 
layer  of  green - 
coated  nodules  lat 
base;  Ilolaster 
planiut. 

Smooth  white  r»halk 
with  occaHional 
flints  ;  7W-.  lata., 
and  Ittoc.  Cuvieri. 


Rou^h  nodular  chalk 
with  harder  beds  at 
the  base  ;  Inoc. 
mj/ttloides  and 
Rhynch  Cuvieri, 

Hard  smooth  white 
chalk  from  6  to  22 
feet  thick  ;  few- 
fossils. 


From  100  to  134  feet. 


sou  IHEAST  AEKA 
(KENT  AND  SUSSEX). 


Nodular  and  smooth 
chalk  with  Holaster 
jTlanus. 


Soft  white  chalk  with 
a  few  flints  (in  Kent) 
and  seams  of  greyish 
marl  ;  7*er.  Uita^ 
Itioc.  Cuvieri  and 
Gal.  suWotundus. 

Massive  chalk  with 
layers  of  nodules 
passing  down  into 
nard  nodular  chalk 
(20  to  30  feet)  repre- 
senting the  Mel- 
bourn  Rock  ;  Jnoc. 
mi/tUoideSj  Car- 
duuter      pjfgmarus 

_  andii  rn.  nodosoides. 

From  214  to  230  feet. 


Holaster 
subglobosus.     ' 

Soft  grey  marl  (thick). 

White      chalk     with 
layers  of  grey  marl, 
Am.  navindaris. 

Soft  ffrey  marl  (thick) 
with.  Act.  planv-s. 

White     chalk     with 
Discoidea        cylin- 
drica      and      I/ol. 
trece7iM8. 

Greyish    chalk    with 
RolaMer        smbglo- 

IjOSUl*. 

R  CHALK 

Greyish     or    whitish 
chalk,    often    with 
flinty     concretions, 
Am.   varians,    Am. 
rotomagensis. 

Grey  marly  chalk  with 
Am.    varians,    Avi. 
rotomagensis      and 
Rhync.  mnntelliana. 

LOWE 

Ammonites      ^ 
varians.         ^ 

Hard  glauconi  tic  chalk 
with        phosphatic 
nodules  and  fossils, 
Am.  iHiriann^Scaph. 
cequalis. 

(Absent.) 

Grey  chalk  with  Plo- 
co^cyphia      labrosa 
and  Scaph.  O'qiudis. 

Glauconitic     marl  y 
sand     with     Sf/iu- 
ronem/i  Carteri. 

(Absent.) 

(Absent.) 

Thickness-    - 

From  80  to  143  feet. 

About  200  feet. 
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CENTRAL  ARBA. 
(WILT8UIRB.) 


Smooth  white  chalk 
with  two  layers  of 
flints. 


Soft  white  chalk  in 
thick  beds  with 
seams  of  marl,  Ter. 
lata  and  Gal.  subro- 
tundus ;  occasional 
flints. 

Solid  white  chalk 
without  flints,  be- 
coming nodular  and 
i)as8ing  down  into 
hard  nodular  chalk 
(^lelbouni  Rock). 
Rhynch,  Cuvieri  ana 
Inoc,  mytiloides. 


HERTFORD,  BEDFORD. 
CAMBRIDGE  &  SUFFOLK. 


From  80  to  140  feet. 


Massiye  white  chalk 
with  flints,  HoL 
planus. 


Massive  white  chalk 
with  many  flints  ; 
Ter.  lata.  Gal.  tuh- 
rotundns  and  fnoc. 
Cuvieri. 

Firm  chalk  with  a  few 
flints,  becoming  no- 
dular and  passing 
down  into  hard 
nodular  chalk  (Mel- 
bourn  Rock),  with 
Rhynch,  Ct^vt'eWand 
Inoc.  myiiloides. 


NORTHERN  AREA 

(LINCOLNSHIRE  AND 

YORKSHIRE). 


Top  not  fixed. 


Firm  white  chalk  with 
fre(iuent  layers  of  flint 
and  seams  of  dark 
grey  clay,  InocCuvieri, 

Hard  greyish  chalk  in 
regular  beds  full  of 
Inoceramus-ahell,  Not 
more  than  15  feet  and 
no  harder  bed  at  base. 
Rh.  Cuvieri  and  Inoc. 
mytUoides. 


About  230  feet. 


?  120  to  180  feet. 


Soft  grey  marl  (thin). 

White  chalk  with 
layers  of  hard  chalk ; 
few  fossils. 


Qrej^ish  white  chalk 
with  Am.  Ausieni 
and  Hoi.  tubglo- 
hotus. 

Tough  greyish  chalk, 
often  with  siliceous 
concretions  and 
layers  of  harder 
chiedk.  Am.  roto- 
magensis. 

Grey  marly  chalk  with 
Am.  varians  and 
Inoc.  latus. 


Glauconitic  chalk  with 
aSiauronema  Carteri. 


Glauconitic  sand  with 
Am.  varians.  Am. 
Mantelli  dkVi'i  Cato- 
pugus  columbarius. 

From  230  to  250  feet. 


Soft  marl  and  white 

chalk. 
Whitish    chalk    with 

few     fossils,     Uol. 

trecensis. 


Grey  chalk  with  Hoi. 
subglobosu4. 


Totternhoe  Stone. 
Tough    marly    chalk 

passing  down  into 
soft  marl  with  Am. 
iKirianSy  Inoc.  latus 
and  Rhynch.  Mar- 
tini. 


Cambridge  nodule  bed 
with  fossils  derived 
from  the  Gault  and 
Aucel.  gryphcpoides. 


(Absent) 


From  180  to  160  feet. 


Soft  grey  or  purple  marl. 

Greyish  white  chalk 
with  local  bands  of 
pink  chalk,  Offaster 
sphcericus  and  A  m. 
rotomagenis. 

Totternhoe  stone. 
Bedded  grey  chalk  with 

Rhynch.  mantellvana. 

Rough  grey  shelly  chalk 

with  Inoc.  latus  and 
Am.  varians. 


Sponge  bed,  a  pinkish 
limestone  with  Aucel- 
Una  gryphcBoides. 


(Absent) 


Average,  75  to  80  feet. 
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Rowant,  179. 
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445,  515. 

Head,  134,  436,  447. 
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Onchotrochus  serpentinuSy  31. 
Ooze,  Oceanic,  531,  536. 
Ome,  Depmt.  del,  254,  426. 
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OstreOy  range  in  depth  of,  356. 
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Stamn:ire  Hall,  470. 
Stauirmevut  Carter i^  30,  31. 
Staurolite,  268. 
Stebbing.  W.  P.  B.,  386. 
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Swaby,  219,  223,  483. 

Swanage,  95,  416. 
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Tottemhoe  Stone,  5,  8^  15,  165,  177, 

184,   193,  197,  211,  218,  227,  30U, 

325,  339,  351. 
Townsend,  Rev.  J.,  2. 
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Zircon,  268.  276,  322,  507. 
Zones  in  tne  Chalk,  7  ;  in  Lower 
Chalk,  17  ;  in  Middle  Chalk,  362. 
-Zone    of   Actinocamax   jdenus 
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z=.z^-   ^    ,.- 1 -r-^ 


PLATE    IV. 


Fig.  1. 

Chalk  Marl,  Compton  Bay,  Isle  of  Wight  (nbar  the  base.) 

A  shelly  Chalk  Marl,  the  shell  fragments  in  this  case  are  chiefly 
derived  from  Inoceramus  and  Terebratula. 

a.a.  Inoceiamus  prisms  :  b.  fr«ijg^ent  of  Terebratula  ;  c.  Globu/efnna 
cretacea ;  d,  a  gram  of  glauconite ;  f.  foraminiferal  cell  j>artly  fiUed 
with  glauconite. 

Fig.  2. 

Chalk  Marl,  Charlton  Cutting,  Midland  Railway,  about  44  miles 
N.W.  OF  Luton  ;  10  ft.  below  the  Totternhoe  Stone. 

This  marl  consists  chiefly  of  amorphous  material  and  small  shell 
•  particles,  a  few  larger  fragments  and  foraminifera. 

a,a.  Inoceramus  prisms ;  b.  Ghhigerina  cretacea  ;  c.  Fulvintdina  ; 
d.  Anomaltna  ammonoida 


Fit;.  '■     Chalk  Marl  (base). 

Cotnpton  Hay,  Isle  of  Wijiht. 

x2'2  diam. 


Fij<.  2.     Chall(  Marl  (upper  part). 

Charlton  Cutting,  Ikdf<irds.V\rtc. 

>(  11  diam. 
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PLATE  V. 


Fig  1. 

TOTTEENHOE  StONK,  ToTTERNHOE. 

The  lighter  portions  of  this  figure  represent  minute  particles  of  shell 
which  appear  to  be  largely  derived  from  Inoceramus  (a)  and  a  few 
small  quartz-grains.  Amongst  them  may  here  and  there  be  noticed 
foraminiferal  cells  (6). 

Fig.   2. 

Lower  Chalk,  Grove  Mill,  Hitchin,  about  35  ft.  below  the  zone 
OF  Actinocamax  plenus. 

Chiefly  amorphous  calcareous  material  with  a  few  shell  fragments, 
loraminifera  and  "  spheres." 

a.  nest  of  shell  fragments,  all  prisms  of  Inoceramus  ;  b.  Globtge^nna 
marginata  ;  c.  a  foraminiferal  cell ;  d.  "  spheres." 


Fig,  I.  TottcrnluK 
Tot  tern  hoc. 
x22  diam. 


Hkt;hWi. 


PLATE  VI. 


Fig.   1. 

Melboukn  Rock,  Dover  ("The  Grit  Bed"). 

This  is  an  extremely  well-marked  form  of  nodular  rock,  occumng  not 
only  in  the  "  Grit  Bed  "  but  in  many  exposures  at  this  horizon,  as  well 
as  in  the  Kichmond  w^ell-boring. 

a.a.  small  nodules  of  chalk ;  6.  matrix  consisting  chiefly  of 
Inoceram us- prisms  ;  c.c.  coarse  fragments  of  Inoceramus-shell  showing 
prismatic  structure  ;  c.  the  prisms  are  here  cut  diagonally. 

Fig.  2 

Melbourn  Rock,  Hitchin,  Herts. 

A  nodular  rock  iu  which  the  nodules  are  not  so  clearly  defined  as 
in  Fig.  1. 

a.  portion  of  a  nodule  ;  b.  the  matrix  containing  a  large  proportion 
c»f  coarse  shell  fragments,  chiefly  prisms  of  Inoceramus  myttloides ; 
c.  a  small  tubular  boring  in  the  nodule,  now  filled  with  granular 
crystalline  calcite. 


Pin.  1.     Mclbourii  Uotlt  (Grit  Deil). 

DovL-i-. 

Shewing  nuiluli;  and  matriN.      x'22  i\i:\n 


Hili:\»\n. 
Shcvififi  portion  uf  n»iiUi\i;  vmi\  nM\lv\x.       /.'i'l  •-Vv.xm- 


PLATE   VII. 


Fig.  1. 
Melbourn  Rock,  Hitch  in,  Herts. 

The  lower  and  whiter  part.  The  rock  at  this  horizon  consists  of 
extremely  fine  calcareous  particles,  presumably  derived  from  shells, 
and  of  *^  spheres."  Allowing  for  a  little  variation  in  the  size  ana 
Quantity  of  the  shell  fragments,  as  well  as  in  the  number  and  the 
definition  in  the  outline  of  the  "  spheres,''  this  is  the  type  of  chalk  which 
occurs  immediately  above  the  zone  of  AcUnocamax  plenui  over  a  very 
wide  area. 

Fig.   2. 

Melbourn  Rock,  Hitchin,  Herts. 

The  upper  yellow  bed.  In  the  upper  part  of  the  Melbourn  Rock 
the  shell  iragments  are  very  abundant  and  usually  coarse.  This  type 
of  chalk  does  not  extend  over  so  wide  an  area,  and  is  confined  to  the 
Midland,  Southern  and  South  Eastern  Counties,  a.  a  a.  a.  coarse 
shell -fragments,  nearly  all  derived  from  Inoceramus  mytiloides^  rarely 
an  Echinoderm  spine,  plate,  or  ossicle  occurs  ;  a  few  Foraminifera  ; 
b.  Gatuiiyina  ;  c.  Globigerina. 


N  of  lower  and  whiter  | 
Hitcliin. 
'^  22  ilium. 


I'iff.  2.      ,\I;i[|-f\  <>I'  iipper 


Hitchin . 


PLATE    VIII. 


Fig.  1. 

Base  of  the  Terebbatulina  zone,  Hitchin,  Herts. 

This  figure  shows  a  structure  very  characteristic  of  the  chalk  in  the 
iipper  part  of  the  zone  of  Rhynchonella  Cuvieriy  and  the  base  of  the 
TerebrattUtna  zone. 

"  Spheres  "  are  very  numerous.  These  usually  show  a  cell  wall  with 
tlie  interior  filled  with  granular  calcite,  a,  a, ;  or  the  wall  may  be 
obliterated,  b  ;  c.  Globigerina  cretacea  ;  d.  Olobigerina  margincUa, 

Fig.   2. 

Upper  Chalk  zone  op  Belemnitella  quadrata,  Salisbury,  Wilts. 

A  soft  chalk  consisting  chiefly  of  amorphous  material  with  a  few 
shell  fragments  and  minute  foraminifera,  chiefly  Globigerinse  and 
Textularians.  Amongst  the  latter  are  many  T.  globulosa,  a  character- 
istic form  in  many  sections  of  Upper  Chalk. 

a.a.a.a.  Textularia  globuLosa  ;  b.  Globigerina  cequilateralis  ;  c.  Foram- 
iniferal  cell. 


Middle  Challt.     Base  of  Zone  of  Terebratulin: 
Hitchin. 
X  22  diam. 


Pis-  2.     Upper  Challt.     Zone  of  Belemnitella  quadrata. 
Salisbury . 
X  22  diam. 


